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THE PRODUCTION OF 2,3 BUTYLENE GLYCOL 


BY AEROBACTER FERMENTATION 


A.C. Blackwood 


INTRODUCTION 


Owing to the critical shortage of raw and processed rubber for 
both civilian and military requirements the development of a sub- 
stantial synthetic rubber industry among the Allied Nations became 
essential early in 1942. The synthetic development was until then 
practically non-existent. The Baruch report to the Congress of the 
United States, eonaideriac both Canada and the United States, became 
the basis upon which the fganere: was developed on this continent. 

Buna S type of rubber (37) is the most desirable and it is pro- 
duced as a polymer of 30% styrene (by-product from petroleum industry) 
end 70% butadiene. Butadiene can be obtained from three sources: 

1. From waste gases from the petroleum cracking industry 
(using very ee EN high priority equipment with this cheap source 
of raw material. ) 

2. From acetylene from coke ovens (using a very long, 
expensive waties of preparation involving a large source of electrical 
energy. ) 

Se From staren from corn or wheat (using comparatively 


cheap and lower priority equipment with this relatively expensive and - 
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uncertain source of raw material. ) 

With the possibility of the exhaustion of the source from 
petroleum due to heavy competition in essential production of high 
octane gasoline, and the impracticability of the method using acetylene 
due to excessive costs, and also considering the necessity for industri- 
al development of agricultural resources, the last source received 
much investigation by both industrial and technical men. 

Two types of fermentation may be used to produce butadiene. The 
first type involves the fermentation of sugar medium by yeast to give 
ethyl alcohol followed by a conversion of the alcohol to butadiene. 

In the second type also two major steps are involved in the production 
of butadiene: | 

The first step involves the bacterial fermentation of agricult- 
ural products to give 2,35 butylene glycol. ‘The second step is the 
conversion of the glycol* to butadiene. This latter fermentation 
process involves either starch or sugar media. The genus Aerobacillus 
appears to give the best results where starch medium is fermented while 
the genus Aerobacter is mainly used with sugar medium. 

The work on this problem was organized in Canada and the United 
States and the Northern Regional Research laboratory at Peoria became 
the centre of the development. Under the National Research Council 
at Ottawa the Soils’ and Field Crops' Departments of the University of 
, Alberta jointly undertook a laboratory study of the fermentation prob- 
len. 


* The term Glycol used here and elsewhere refers only to 2,3 butylene 
glycol. 
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The study was divided into three sections: 
A. <Aerobacter fermentation (Soils Department) 
B, Aerobacillus fermentation (Field Crops Department) 


C. Analysis of fermentation liquors (Biochanical section of the 
Field Crops Department) 


Our problem was mainly concerned with obtaining standarized 
conditions of fermentation by which in repeated tests the results showed 
the greatest yield in the shortest time. Other observations made were 
considered to be incidental to the main aim of the project. 

From time to time ‘progress reports’ were sent to Ottawa from all 
three laboratories. In March 1943 A. L. Shewfelt reviewed in his i{.5Sc,. 
thesis (36) the results then obtained in all sections of the project. 

This thesis covers only fermentation of the Aerobacter type on 
sugar or starch-hydrolyzed media. A. W. Jackson is reporting on 
Aerobacillus fermentation and W. G Corns on the analytical aspects of 
the project, in their respective theses, so that the whole project will 
be completely considered at this time. A.L. Shewfelt (36) reported on 
the results from all three sections for sie period May, 1942 to February, 
1943. Only the investigations carried on since January, 19435 are here 


reported. 
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REVIEW OF LITERATURE 


The Aerobacter genus is universally distributed in nature, being 
very abundant in soil and plant products. It is also,found in the 
intestines of man and animals. This genus has received much investiga- 
tion because it is a member of the ‘coliform’ group. The sanitary 
bacteriologist is very much concerned with its identification especial- 
ly in relation to the presence of sewage in the water supply. The 
enormous amount of literature related to this genus that may be found 
is almost entirely concerned with the problems of sanitation. Many 
easy complete testsfor identification have been developed and widely 
accepted. 

In Bergey's Manual of Determinative Bacteriology (2) Aerobacter 
aerogenes, the type species, is listed as a short rod, 0.5 -0.8 Ken 
1.0-2.0 microns, occurring singly, motile or non-motile, non spores 
forming, frequently capsulated and gram negative. On agar medium the 
colony is thick, white, raised, moist, smooth, entire, more convex than 
Escherichia coli and often mucoid. — On the agar slant growth is abun- 
dant, thick, white, a pe glistening and spreading. Acetylmethyl- 
carbinol is produced giving a positive Voges-Proskauer test. The methyl 
red test is negative. Acid and gas are formed in dextrose, levulose, 
galactose, arabinose, lactose, maltose raffinose, cellobidse, savent 
dextrin, salicin, esculin, glycergl, mannitol, sorbitol and inositol. 
Sucrose, mannito] inulin, pectin, dulcitol and adonitol may or may not 
be fermented. It produces two or more times as much COs as Ho. tt is 


a facultative aerobe and has an optimum temperature of 30°C, 
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It is only in recent years that much attention has been given to 
the type of fermentation that this organism produces. Kluyver at Delft 
University, Holland patented in 1924 a method by which it is possible to 
obtain 2,3 butylene glycol commercially by fermentation from carbohydrate 
media. He and his co-workers investigated the type of fermentation pro- 
duced and drew up a scheme that he thought best represented the metabolic 
breakdown from dextrose in the fermentation (22). This scheme is given 
below. It is realized that this representation is by no means completely 
accepted by-all investigators. Since 1929 Fulmer, Kooikian and their 
associates at Iowa State College have been concerned with the metabolic 
breakdown of carbohydrates in this and other fermentation processes. 
Reynolds and Werkman (29) suggest by a series of Sietinasene probable 
breakdown route as determined by a number of experiments with Aerobacter 
indologenes. It is not within the scope of this review to attempt to 
evaluate the suggested schemes. Kluyver's scheme is given because he 
demonstrates in a relatively simple manner the general type of intermed- 
iates formed and their role in the metabolism of the substrate. Note 
the suggestion in this diagram that glucose does not form methyl glyoxal 
hydrate directly but is ‘phosphorylated’ in a similar manner to the 
phosphorylation steps found in the metabolism of all carbohydrates by 
bacteria and yeast and in muscle. Anderson (1) discusses the theories 
of Kluyver, Neuberg and Meyerhof in this regard as related to carbohy- 
drate metabolism by yeast. 

: Harden and Walpole (15) state that the products formed in the 
Aerobacter fermentation are formic, lactic, acetic and succinic acids, 
also He, C0e, ethyl alcohol, acetylmethylearbinol (acetoin) and 2,3 


butylene glycol. Reynolds and Werkmann (29) confizrm this. 
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(acetoin) CHg.CHOH.CO.CHs 
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(2,3 butylene glycol) 


FERMENTATION OF GLUCOSE BY AEROBACTER AEROGENES 


(as suggested by AJ.Kluyver) 
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Some early investigators were interested in obtaining a satisfac- 
tory fermentation to give good yields of glycol. Verhave (39) patent- 
ed in England in 1928, a process by which 2,3 butylene glycol was pro- 


’ 


duced by fermentation using Clostridium polymyxa or Aerobacter aerogenes. 


In 1929 he patented a further improvement in the method. Fulmer et al 
(14) studied the fermentation ising Aerobacter pectinovorum and attempted 
to get an optimum medimm. Kendall (20) Scntratea this study and he 
listed the effect of various factors on the fermentation. He found four 
Aerobacter cultures that gave similar results. In optimum conditions 
only 50% of the sucrose consumed wes “couverttea to glycol. Kihara (21) 
developed methods of isolation and identification of glycol and carbinol. 
Using three different organisms and a simple medium the fermentation was 
found to be completed in 14 days. 

No large scale intensive research program had been developed to 
investigate the commercial aspects of this fermentation. When this 
study became essential the N.R.R.L. of the U.S.D.A. at Peoria, Illinois, 
gathered together the existing knowledge of the fermentation. With the 
close cooperation of interested research and commercial laboratories 
NRRL became the centre to which progress reports were periodically 
sent and likewise Po which reports were distributed. 

NeR.RoL. was able to obtain yields of glycol approaching the 
maximum amount obtainable in both laboratory and pilot plant tests, 
using their isolate Aerobacter aerogenes #199. An agar medium and stand- 
. ard methods of handling the culture (26) were suggested. Heyden 
Chemical Corporation (16) in studying this isolate noted that under heavy 
aeration the Se ahwets short and thick but using light aeration the cells 


were longer, larger and irregular. Several laboratories (4.3%, 3S) 
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isolated Aerobacter cultures which they tested, but no isolate was 
reported that gave significantly better results than #199. 

Much of the reported research reviewed the factors which affect the 
fermentation. It was hoped by careful control of standardized fermenta- 
tion conditions at all times to obtain maximum yields. 

N.R.R.L. (26) suggested using 5 - 10% of a 24 hour inoculum in 
their fermentation medium. Heyden Chemical Corporation (16), using 
their own suggested inoculum, shaken for 18 hours at 32°C., found that 
| optimum results were obtained where a 5% inoculum was added. The 
University of Wisconsin (38) found that size or age of inoculum had 
little effect and they used 5% of a 12 hour N.R.R.L. inoculum. Repeated- 
ly transferring the culture gave no increase in yields. The Seagram 
laboratories (33) and the Schenley Research Institute (30) both suggest 
that 5% of an 18 ~- 20 hour ‘rich! inoculum is successful. Schenley 
Research Institute (31) suggests making four transfers in inoculum medium 
from the slant? the last transfer is to be to an aerated fermentation mash 
with edged nutrients. This is Ho kane weeuebkecet hs culture. 

Many fermentation media have been suggested but the simple medium of 
NeReRoL. (20) has been most widely used. It was found essential to have 


small amounts of MgSO,.7H_0 and KHpP0, in all dextrose media. N.R.R.L. 


a 
(26) found that salts were not essential in malt-hydrolyzed corn mash. 
Schenley Research Tustsiets (30) suggested that if salts were added to 
the inoculum then they were not needed in the fermentation medium. Urea 
was reported by all investigators to be the best eos of nitrogen. The 
amount added varied from 0.2 ~ 0.3%. Birkinshaw et al (3) found that 
NaNOz,microcosmic salts, NH,NO,, (NH4)2S04 are utilized, but that Cdtio3 2 
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NaNOo are not. Fulmer (13) suggests using NH4Cl as the source of 
nitrogen in the production of glycol from sucrose medium with Aerobacter 
faeni. All investigators suggest the separate sterilization of CaC0g 
either dry or ina slurry. N.R RL. (26) and University of Wisconsin 
(58) both found that corn steeping liquor added to the medium increased 
the fermentation rate; however N.R.R.Il. reported that the yield of 
glycol was decreased up to 10% by this liquor. Lucidol Corporation (23) 
reported that the addition of vitamins had no effect. University of 
Wisconsin (38) suggested the beneficial use of unheated malt sprouts but 
Seagram's (33, 34) found no such results. 

iveestty of Wisconsin (38) pace ics that Cu and Fe are detrimental 
to the fermentation at a concentration of 2.00 mg. per litre. Seagram's 
(33) inveetieetithe the effect of metallic ions, found that Cu was most 
toxic. Concentrations of 0.1 = 0.5 mg. per litre of Cu suppressed 
growth. They found that Ni, Fe, an, Cr, and Sn, inhibited the culture 
but that Mg, Ag, and He stimulated the organism at low concentration. 
Heyden Chemical Corporation (18) reported that adding sugar concentrat- 
ion up to 20% plus phosphate and urea gave good yields tat Commercial 
Solvents (6) reported poor returns where sugar concentrate was added. 

Mattcngarsiboea corn mash was tested with varying success by many 
laboratories (6, 18, 26, 30). It was found that EROY aaccueeieiad mash 
must be sterilized as the contamination introduced by the malt affected 
the fermentation greatly. Merck and Co. (25) tried using Ryzopus 
delemar as the saccharifying agent with little success. N.R.R.L. (26) 
using formaldehyde.-treated malt DP Sn ies bran got poor results. Some 
laboratories (16, 18, 25, 30) used acid hydrolysis and obtained a 


desirable mediun. 
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A fementation temperature of 30°C. was suggested in all cases. 
The time for normal fermentation giving good results varied from 40 to 
72 hours approximately. The suggested pH range is from 5.0 to 6.5. 

Aeration is ietcennite the most important variable factor in the 
fermentation. ‘Its role is by no means explained but its effect is well 
known and easily demonstrated. In estimating the effect of aeration on 
the fermentation the following observations must be considered: | 

In the inoculum dicts the numbers of bacteria are more rapidly increa- 
sed by shaking or aerating the sample (38). In small samples stirring 
with a mechanical mixer was reported by some laboratories (16, 31, 38) to 
give good results. Adding a hydrogen acceptor (methylene biue) does not 
satisfactorily take the place of aeration (32, 36). The National Research 
Council at Ottawa (4) reported that nitrogen may be used effectively as 
the aerating agent but this was not verified elsewhere. The same amount 
of air may be more effective if broken up into smaller bubbles (38). 
Less air is required for the same veaund ‘60 ferment fire the cross 
sectional area is reduced and the depth thus increased(38). Oxygen is 
not needed to balance any equations demonstrating the breakdown of sugar 
to glycol (22, 29). | 

Thus it is felt that aeration exerts a physical rather than a chemical 
action in the fermentation. 

Many aeration rates have been suggested as optimum. The condition 
of the culture, the type of fermenter, the volume of the medium and the 
desired time of fermentation all affect the amount of air required. 
NWR.R.L. (26) suggests a rate of a See per minute in a a ieee 
drum fermenter, and a rate of 100 - 700 cc. per litre per minute ina 


vat fermenter. The aeration is stopped when the glucose level reaches 
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1.0%  Schenley Research Institute (30, 31) reports that 510 ec. of 
air per litre per minute gave the best results and that when the sugar 
level had dropped to 3% aeration was to be discontinued. Where shaking 
is used 90 cycles per minute is reported to give good results (16, 38). 
By varying the amount of liquid in the flask the amount of aerstion can 
be varied. Various aerators were suggested, such as gas diffuser stones 
(16), cotton bags (18, 38), carbon aerators and pipes with small holes 
(18). The University of Wisconsin (38) suggest a formula for calculating 
the amount of air necessary for a proper Pari énthbions 

Columbia Brewing Company (5) investigated the feasibility of adapt- 
ing a préWer} type plant to this fermentation but secured very low yields 
with a 99 hour fermentation. (Their results show that the mash was too 
acid for normal growth.) Heyden Chemical Corporation (17) by using first 
a 1000 gallon stainless steel kettle and later (after 18 hours) wooden 
tungs, secured good yields. Jos. HE. Seagram and Sons developed a detailed 
scheme for large scale fermentation and first tested the scheme in the 
pilot plant. | 

Some of the yields obtained by various investigators are given below. 

N.R.R.L. (26) found that by using Aerobacter aerogenes #199 they 
obtained yields on the average in which 80 to 88% of the sugar consumed 
was converted to ad! u 0.5 = 1.0% alcohol 2 formed. An average of 
12.75 lbs. of glycol per bushel of corn was obtained (theoretical yield 
is 18.9 lbs. per bushel of corn). Using Aerobacillus polymyxa with 
corn mash as a substrate NoR.R.L. (27) obtained 10.5 lbs. of glycol and 
6.4 lbs. of adeetisl per bushel of corn. Schenley Research Institute Ine. 

“ (31) obtained as their best yield, in Aerobacter Penientation, 4.62% 


glycol in the final liquor which is 16.2 lbs. of glycol per bushel of 
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corne 

P.J. Kolachov of Jos. E. Seagram's and Sons (35) states that in 
Aerobacter fermentation it is possible to obtain 8.2 lbs. of butadiene 
per bushel of grain ( assuming 16 lbs. of glycol per bushel, 95% 
recovery of the glycol, and a 90% Mode ion to butadiene). At that 
time he stated that it was possible to get 6.4 lbs. of butadiene 
(assuming 15 lbs. of glycol per bushel, 95% recovery of the glycol and 
75% conversion to butadiene). Using ethyl alcohol as the intermediate 
- product only 5.5 lbs or 85% meee butadiene is obtained per bushel. 
Butyl alcohol used as an intermediate can give not over 2.1 lbs. of 
low purity butadiene. 

A comparison of these results shows the value that the Aerobacter 
type of fermentation will have in any comprehensive plan concerning the 


production of butadiene, by fermentation. 
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OUTLINE OF INVESTIGATION 


The definite aim of this investigation is the study of the 
Aerobacter type of fermentation with a view to securing maximum 
yields of 2,3 butylene glycol in the shortest possible ina The 
research is divided into two major divisions: 

le A greater part of the work dealt with the organism Aerobacter 
aerogenes #199, the selection obtained through Ottawa from Northern 
Regional Research Laboratory at Peoria, Illinois. This fermentation was 
carried out with aeration in most cases. A variety of conditions was 
studied and an effort was made to obtain optimum yields consistently. 

2 The second division was concerned with isolations of Aerobacter 
organisms from local sources in soil, vegetables etc. Most of this 
study involved no aeration. 

As selection #199 was known to give a quick fermentation with good 
yields the main portion of the research has been devoted to a study of 
this organism. Conditions suggested as optimum elsewhere have been 
tested and the results compared. Numerous other aspects were invest- 
igated and all results are reported below. | 

The analysis of the fermentation liquors for sugar, 2,3 butylene 
pagears acetylmethyl carbinol and ethyl alcohol was carried on by 
members of the Biochemical section of the Field Crops Department. A 
complete report of the methods used and an evaluation of the experiment- 
al results obtained are reported by W. G. Corns in his thesis (7). 
Estimation of pH was done in this laboratory using a Beckmann glass 


electrode pH meter. 
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Studies of Fermentation using Aerobacter aerogenes #199 


1. Method of handling and storing the culture. 

The culture has been stored on agar medium suggested by N.R RL. 

(26) and made as follows: 
Difco tryptone. «es sscccccoecs 5 gm. 
Difco Yeast Extract.....secoe 5 Gile 
AZAD es cccsecccsccvcccesecece LO Mile 
CUUEGHGe.c:a:5 Ginlalciaejaieiaicie skersiaieis Vos 
Distilled water to make.. 1000 cc. 

_At first the culture was stored in the refrigerator (2°@.) to 
prevent too rapid drying, but later it was stored in the incubator at 
30°C. and transferred every 10 days or two weeks. 

An experiment to determine the degenerative effect, if any, due to 
improper storage conditions or too frequent transferring is reported by 
A. L. Shewfelt (36). No apparent desenoratien in the culture occurred 
even after storing in the refrigerator for 8 months. A later experiment 
(a under inoculum Studies, Table 2) showed that a slant stored in the 
refrigerator for 6 months gave lower yields. 

it was soon realized that variations in the activity and fermentation 
ability of the culture from time to time led to serious discrepancies in 
results, and also that in commercial practice this variation would be 


much more serious. To offset this effect a modified lyophile method of 


drying the culture was tried as suggested by Dr. G A. Ledingham, Division 
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of Applied Biology, National Research Vouncil, Ottawa. This is a 
relatively Stee! easy laboratory method of accomplishing this type of 
storage on a small scale. The method suggested is a modification and 
combination of the so called "‘lyophile’ and 'cryochem' methods of 
Flosdorff and Mudd (10, 11). 

It involves freezing the culture, suspended in blood serum ina 
suitable ampoule with a cotton plug, quickly at -70°9C. ina mixture of 
dry ice and methyl cellosolve (acetone may be substituted). Following 
this, the culture (a large number may be lyophilized at one time) is 
placed in a vacuum dessicator containing a good dessicant (eg. Drierite) 
in an insulated container. It is kept in the frozen state for at least 
4 or 5 hours and by the use of a Cenco hyvac pump the pressure is main- 
tained below 0.5 mm. mercury. After leaving frozen at this pressure 
overnight the ampoules will be completely dried. They Senki be Light 
colored and nearly the original volume, Remove from the dessicator and 
fasten the ampoules to a manifold. Again evacuate with the pump to a 
pressure of 0.5 mm. or less. Seal off the tubes at the constrictions 
with a torch. Label. Test for vacuum using a spark coil vacuum tester. 
Store at room temperature. 

When needed scratch the ampoule with a file and break open inside 
a clean cotton pad moistened with alcohol. Drop the pellet into an 
inoculum or other nutrient solution. The pellet is extremely soluble. 
Note: See the accompanying photograph of apparatus and ampewles(Plate Tie 

Insufficient time has elapsed since eee this study to. 
estimate the value of this method of storing cultures. It is not known 
how long the culture of Aerobacter will be preserved by this method but 


it is hoped that in addition to retaining the cultures in their original 
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PLATE 1. 


(Photograph of Apparatus. ) 
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condition of activity, a further advantage will result from a reduction 


in the amount of routine labour necessary to preserve: our isolates. 


2. Inoculum Studies 


The inoculum medium generally used was that suggested by N.R.R.L. 
(36) containing: 
GlUCOSCevvcccsccvcecccevececeseeee LOO Ome 
Conc. Corn Steeping Liquore.cesesree DO Me 
BSOR gree e, FICS Ee Foe Meee. fence Obie 
Distilled ae Go mak6.c..c0+... 1000 ee, 
Two other suggested inoculums have eau tried: 
Seagram's | 
BOG “ELUEACCc cc ascecatovecesetecccsese © Ritle 
PSPtoOMCeccecccccscovccccssecccccscese LO Qe 
Yeast Extract. cccccsccecsccvecscsccce LO Ome 
Mele SPLOluse sinc cs cs eee es esusincwcé. a file 
DextTos€eccccvcvcccsccccsccccvsesces LOU QM 
CACO ze vecececccecsccvcccecevecececes © Bille 
Distilled water to make.....ececeee O00 cc. 
Schenley's 
DEXtLOSC sr. coveccccerescesccccveece LOO Ae 
Beef EXTTACT. ss seccccvscesccvsscoce 10 gm. 
TIYPCONGs ce ccccccccccccccccessvesese © Mille 
Yeast Extract... ccccccccccccesccoe LO fille 
ULGbsccccccccccccccccccccccsccessece © Mille 
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Distilled water to make...ceccesee LOOO ce, 

These three inoculums were compared and as far as could be 
determined by fermentation results no decided advantage was obtained 
by the use of any particular inoculum. ‘The N.R.R.L. inoculum was 
mostly used because it is easier to prepare and shows less tendency 
to cause foaming. ee vax all three have given good results. 

Growth cruves as determined by the plate count method were 
obtained for the following inoculum treatments: 


A. N.ReR.Le inoculum run without shaking at 30°C. 


Be >, . YT With . eT DOSCEL 
GC. Seagratts "= . " without % w= SOC, 
D. bg * * with HJ WSO Leis 


The shaking rate varied from 90 to 120 strokes per minute. 
Counts were made up at 4, 8, 12, 16 and 25 hours. Standard methods 
of sampling, pouring plates and counting were followed. Na caseinate 
agar suggested by Fred and Waksman (12) was used and the plates were 
examined on the third day. Two duplicate tests were run pouring in 
One case three and the other five plates at each dilution. The results 
are shown on the accompanying graph (Plate 2). 

Shaking gave much higher numbers than non-shaking and Seagram's 
inoculum slightly lower counts than N.R.R.L. inoculum. However as 
shown in Table 1 no consistently teicher yields xoEe obtained in the 
fermentation by shaking the inoculum than non-shaking. In these and 
other experiments it was felt that other factors (eg. rate of aeration, 


pH etc.) that are not so easily controlled exerted a more definite 
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GROWTH CURVES OF AEROBACTER AEROGENES #/99. 
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TABLE 1 


EFFECT ON 2,3 BUTYLENE GLYCOL YIELD @& 
SHAKING OR AERATING THE INOCULUM 


Treat- Noe of q Sugar 
Inoculum ment Medium Samples Final Consumed Glycol ‘'A'* 


A, Time of fermentation «# 40 hours 


NRRL. No dextrose 12 2.87 8.53 Bett 65 
Aeration . 


" Aeration " 6 Lage 10.18 3266 72 


Be Time of Fermentation w# 46 hours 


NRRL. No _ dextrose 6 2.61 8.54 5045 83 
Aeration 
. Aeration * 6 1.08 10.07 3.99 79 


* ‘'A' in alltables gives the amount of glycol formed compared with 
the theoretical amount that could be formed from the sugar 
consumed, expressed as a percent. 


'B' in all tables gives the amount of glycol plus acetylmethyl- 
carbinol formed compared with the theoFétical amount that could 
_be formed from the sugar consumed, expressed as a percent. 


if in all tables, gives the amount of glycol plus carbinol plus 
alcohol fomed compared to the theoretical amount that could be 
formed from the sugar consumed, expressed as a percente 
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influence on the yields. 

Frequent transferring (daily) using inoculum medium for two 
months increased the activity of the culture and the rate of gas 
production. The inoculum became thick at the end of 24 hours. How- 
ever it did not increase the rate of fermentation beyond a certain 
point that can be reached by keeping the culture in a relatively fresh 
condition by occasional transfers. “This thick inoculum in fact caused 

somewhat slower fermentation rates and bad foaming occurred. Some of 
eke results are shown in Table 2. 

By the isolation of colonies from the culture of frequently trans- 
ferred inoculum or agar plates it was possible by randomized sampling to 
obtain certain strains which had the characteristic of producing a thick 
or syrupy inoculum. When these isolates were slanted the resultant growth 
was very slimy. After discarding these isolates somewhat better fermen- 
tation results were obtained. Table 5 shows the effect of this selection 
of strains using dextrose.medium and moderate aeration.. In this case 
eight colonies, after being described, were selected and incubated. Two 
further sets of plates were poured to test the purity of the culture with 
respect to colony form. The strains were then slanted and fermentation 
tests run. Only #3 strain showed the typical syrupy characteristic and 
gave poor results, probably due to difficulties in aeration. 

This characteristic syrupy growth has been eliminated once or twice 


since by a further selection of strains after plating the culture. 


Another experiment testing the method of handling the culture was 
carried out on three medias: dextrose, malt-hydrolyzed Marquis granular 


flour, and malt-hydrolyzed Garnet granular flour. As the method of 
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TABLE 2 


EFFECT OF THE METHOD OF HANDLING THE CULTURE 
ON THE FERMENTATION OF DEXTROSE MEDIUM 


Source % Sugar % %, 
of Fin- Con- Gly- Car- % 
Inoculum Medium al sumed pH col binol Etoh ‘A* ‘B® 


A. Time of fermentation - 45 hours 


Slant Sugar 0 11.0 ~ 3287 = ” 70 ~ 
® " 069 10,3 = 2.82 = wf) (BA es 
" " a) 11.0 6.5 2.00) wos %46 °*S0. S6 
Frequently ) * 29S. 10.1 - 2.69 - - 53 «= 
transferred( " 478. 1092 - 2.03% @l2 - 53 55 
culture a Ay aaa Va aes 2042 S.f5 14 ~ 48 05] 


Be Time of fermentation = 65 hours 
Rate of aeration = 2000 cc. per litre per min. 


( Results given are an average of 5 ferments in each case.) 
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TABLE 3 


EFFECT OF SELECTED STRAINS OF #199 ON THE YIELD 
OF GLYCOL FROM DEXTROSE MEDIUM 


Strain Number q, 

Number of runs Glycol 
4 4 2.05 
2 4 1.90 
3 8 1.86 
4 9 2.a1 
5 9 2.68 
6 2 2.09 
7 4 2.21 
8 2 2017 


analysis of malt sugars then in use was later proved wrong, the 
original percent sugar in the malts is unknown in these tests. The 
experiment was run in triplicate but showed wide variations among the 
replicate samples. The results are given in Table 4 as an average of 
the replicates. 
Methods of handling the culture and inoculum. 

(a) Transferred culture in inoculum medium every day for 30 days 
before using. 

(b) As (a) but senetea inoculum last 24 hours. 

(c) Transferred from fresh slant to ineeulum, transferred for 3 


days using inoculum medium, before using. 
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TABLE 4 
EFFivT OF THE METHOD OF HANDLING THX CULTURE ON THE 


FERWENTATLON OF DEXTROSE AND MALI-HYDROLYZED MEDIA 


(Only the final percent 2,3 butylene glycol reported. ) 


Medium be Rr OL ee 
a b c ) f 
Dextrose 3..70 i} Sa Sa. 3.20 4.66 3.24 = PRY 
lalt Marquis 3.16 2.88 2265 2240 0.51 2-96 
| Malt Garnet 3.49 3.74 2209. 2.26 0.12 2.98 


(d) As (c) but aerated last 24 hours. 

(e) Culture from.old slant stored in the refrigerator for 6 
months. 

(f) Culture from fresh slant ne ingest transferred to inoculum 
onee and used. 

Only the percent glycol found in the final fermentation solution 
is reported in the table. 

The results vary so widely that it is impossible to draw definite 
conclusions. Storing the culture in the refrigerator (note (e)) with- 
out transferring is obviously deleterious. Frequent transferring 
appears to give no better results than using a fresh slant. The same 
result may be noted in Table 2B. Other variables seem to exert more 
of an effect than that of Baca tae the inoculum in any definite manner, 


A. L. Shewfelt (36) reported that a 20% inoculum gave better yields 


than a 6% inoculum or 10% inoculum, however later experiments have 
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shown that as low as 5% inoculum under optimum fermentation conditions 
gave satisfactory yields. 

The estimation of numbers of bageria in an inoculum solution 
(see Plate 2) showed that optimum numbers were reached at 16 hours, 
but the use of a 16 hour inoculum as compared to a 24 hour inoculum 
did not give significant differences either in rate of fermentation or 
yield of 2,3 butylene glycol. 

For convenience usually 5 - 10% of a 24 hour inoculun is added to 
the fermentation medium and pie pibeaves appears to give satisfactory 
results. 

3S. Fermentation Media 

Much of the fermentation study has involved the use of a sugar 
medium although it is definitely realized that the sama sicn possibil- 
ities may involve the use of starch from grain. One of the main 
objections to the Aerobacter type of fermentation is that ataren is not 
fermented by the culture or at least only very slowly or in small 
amounts. Thus a starch medium must be hydrolyzed before becoming 
available. 

1. Glucose Media 

More consistent results can be obtained by using dextrose medium 
than by using a hydrolyzed starch medium. The pH and foaming tendencies 
are more easily controlled. A more uniform medium is obtained for 
comparison over a long period of time. The effect of nutrient supply 
can be more easily measured. Media suggested by N.R.R.L. (26), Seagram's 
Laboratories (32) and O'Meara (28) have been tested. The constituents 


of these three are listed below. 
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N.R.ReLe 
GlucOSCecececccecccscccces LOO = 200 gm. 
MeSOgs TH cedia<ancthaeTawnentatOe85 on, 
KHoPOjeccascsscesccscccsocsese 1e80 gm. 
UPON ete vecacwecduecesecucdee’ SeOO: Om, 
ta rita icteeteies cevds SOS gine 


Distilled water to make...eeee 1OOO ca. 


Seagram's 
POM Gi Met IG Wa cr ailche uranic evap owlere es Mavete: Or Mille 
TEYPLONGs cucecncccceveceeesevinge 5 g2Me 
Difeo Yeast’ EXtréeteccicsedcaces LO gm. 
cic eee hes Semen aa eee 2 gm. 
Malt Seeedte how eeiss. 8 10 gm. 
CECOmecccccccvcceccccceseccscccce O Mile 
Distilled water to make....... 1000 cc. 

O'Meara | 


NaCl ccescccccccccscccescscccccs Del Mls 
MESO, 0 7H Oe ees es cccceccecccvccs 0.2 gm. 
NH gHoPO,ecseccccccccccccvevccee Le Ae 
KoHPO,oeseseceerscceceseesecsce 160 gm. 
NAOLGEabee s caw ee dee hes Geecdkewe. Oe tt ile 
PDMS Ge do cia ciu Wid dices wis @vniame es “OeO) ile 
KNOmescecssecccccssccveceesee 10.00 Bile 


Distilled water to make....... 1000 cc. 


In Table 5 some of the results from experiments using these media 
are given. Note the exceptionally low yields using the O'Meara medium. 


The cause of the lowering of the 2,3 butylene glycol yield when this 
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TABLE 5 
Effect of N.RoR.L.'s, O'Meara's and Seagram's 


Media on the Fermentation 


Sugar q, AY 
Medium Samples Final Consumed pH Glycol 


A. Time of fermentation = 66 hours 

NeR RL. 5 0.0 8.4 ~ 2.94 70 
O'Meara 5 0.0 8.4 ~ 0.49 12 
B. Time of fermentation = 118 hours 

NeReRL. 3 ane 8.9 5.6 3.83 86 
Seagram 3 528 10.6 Dee 399 75 
C. Time of fermentation = 70 hours 

NeR.RL. 3 0.72 9235 5e4 4,01 87 


Seagram 3 0.54 8.9 D7 3.72 84 
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medium is used is not easily explained. The effect is undoubtedly 
associated with the salts supplied. The products produced instead 
of glycol are not known. 

Seagram's medium appeared to be as favorable for growth as that 
of N.R.R.L. although the comparable yields are somewhat lower. 
Seagram's medium has another effect not shown in this table and that is 
its tendency to foam under heavy aeration. This effect is induced 
probably by the addition of protein and imarels decomposition products. 
As N.R.R.L. medium is simple in its requirements and gives satisfactory 
results most of our experiments ieee been concerned with this medium. 

The addition of malt sprouts was suggested by a University of 
Wisconsin report (38) in which it was stated that the addition of 3% 
unheated malt sprouts definitely stimulated the fermentation. Heating 
the malt sprouts destroyed this effect suggesting that the effect was 
produced by a thermo-labile factor. Seagram's Laboratories (33) how- 
ever found no such stimulating effect from the use of sterile or non- 
sterile malt sprouts. To test this a sample of malt sprouts was 
secured by the courtesy se the Canada Malting Company in Calgary. Some 
of the results obtained are given in Table 6. 

These results show that sterilized malt sprouts have apparently 
no effect on the yield and any differences noted are probably due to 
other variable factors. Unsterilized malt sprouts however have a very 
noticeable effect on the fermentation. i eee avery active 
alcohol producing contaminant is introduced wnfeSestanit the growth 
of the Aerobacter culture. This is definitely shown where no inoculum 


was added. 
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TABLE 6 


EFFECT OF MALT SPROUTS ON THE 
FERMENTATION OF DEXTROSE MEDIUM 


# Swear £ 4% 


Malt Inoc- Sam- Fin- Con- Gly- Car- vi 
Sprouts ulum ples al sumed col binol Etoh 
Ae Time of fermentation = 63 hours 
0 oe | @.54 35 72.98 O.59 “O24? 
3% sterile & 2° G.92-, S.5 °° SOL O.74° O.57 
Be. Time of fermentation = 68 hours 
0 S £4 0.356 9.5 2.90 ©.00 ~ 
3% sterile 4 @.ae; 9:7 >" asa5° 00". O. 56 
C. Time of fermentation = 69 hours 
fe) 1) (Ogoo Geo BeOS O00 ° G46 
3% sterile oe O00. JO. Oi 2a17 21 Ogos O70 
3% non-sterile ¢ 2 0.63 9.4 3.02 0,00 0,45 
3% non=sterile .*. 2 2.33. 7.7_.0.94 0.00. 2.05 
10% non-sterile ~ 2 0,00 10.0 0.91 0,00 1,99 


63 


63 


61 


49 


75 


79 


61 


49 


Wie 


85 


91 


60 


> 


2.0. 62.2. 


i 
. - fe 


j wer , ; 
2 4 a RO we 
hs lh : i= 4) > 


be wh.0 is Sy 
0 BGO LO Be 


TABLE 7 


EFFECT OF AUTOCLAVING SOME DEXTROSE SOLUTIONS ON pH 


pH after autoclaving 
pH of original at 15 lbs. 


Sample No. solution for 15 minutes. 
Batch 1 1 5.8 4.5 

¥ i 2 509 4.5 

" 2 3 5.9 4.0 

mg 4 5.9 4.3 


Thus it is felt that malt sprouts exert no beneficial effect on 
the fermentation and have not proved useful under the above conditions. 

Some difficulties with sugar solution becoming acid after auto- 
claving have been noted and the medium is difficult to neutralize 
because of the lack of buffering capacity. If the sugar is pure 
dextrose this phenomenon is hard to explain. This effect is noted only 
with some batches of dextrose. For example, two different samples of 
sugar were autoclaved in duplicate, using distilled water, and the 
“results are shown in Table 7. This phenomenon introduces some 
difficulties in buffering the medium and at the same time keeping the 
medium sterile. 

2. Starch-hydrolyzed Media 

Wheat has been used as the source of starch in all cases. 
Various methods of preparation have been used. Ground wheat, granular 


flour, fine flour and relatively pure starch have all been prepared 
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‘and hydrolyzed. Due to the variability of our results and the rela- 
tively small differences in starch content of local wheat as reported 
by MceCalla and Corns (24) no large experiments were Betis out on the 
grades, varieties and sources of wheat in our fermentations. Garnet, 
Marquis and Red Bobs wheat grown on Edmonton black soil were used. 

Ground wheat was prepared by grinding a cleaned sample in a Wiley 
mill with a fine screen. 

In the laboratory mill G. Tosh of the Field Crops department 
milled granular flour. He had some difficulty in getting a sufficient 
amount of bran out of the flour and still retaining the granular form. 
It was found that this type of product has some very definite advantages 
in handling ability over a finer grind of flour or pure starch. Because 
of the granular grind it was comparatively easy to rete a smooth mix 
with water and this was not true with flour or pure starch. 

Flour was obtained by the regular milling process carried out in 
the Field Crops Department. 

Starch was produced by a very slow method of washing stiff 
flour dough in a fine stream of water and discarding the gluten res- 
idue. After allowing the starch to settle, the supernatant fluid was 
drawn off and the starch spread out to dry. When dry the scale is 
scraped off and ground in a hand mill. By this method a comparatively 
pure sample of starch was obtained. The method was slow, tedious and 
very messy, thus limiting the amount of work carried out on this medium, 
However some pure starch was obtained from the National Research 
Council at Ottawa considerably augmenting our supply. | 


There are three recognized methods of hydrolyzing starch to sugar; 


by the use of acid, malt and moldy bran. Only the first two methods 
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have been tried here, as yet. 

(a) Acid hydrolyzed media 

Using acid hydrolysis the methods found to give the best results 
are described by A.L. Shewfelt (36). These suggested methods did not 
produce a consistently uniform product and led to variable fermentation 
results. However it is realized that in good commercial practice using 
high pressure equipment (40) starch may be easily and conveniently 
acid hydrolyzed, giving a very even and reliable product. This method 
was eliminated in our work in favour of using malt. 

(b) Malt hydrolyzed media 

Through the cooperation of the Canada Malting Company in Calgary, 
samples of both brewer's (100° Lintner approximately) and distiller's 
(200° Lintner) malt have been obtained. Distiller's malt gives better 
liquefaction and in some cases at least better saccharification than 
brewer's malt, though this is hard to measure accurately. In the prep- 
aration of the malt W. Brown in the Biochemistry section did some research 
and the results show that freshly ground malt mixed with sufficient water 
and thoroughly stirred in a mechanical mixer for 20 minutes gives as 
high a Lintner value in the liquid extract as freshly ground malt mixed 
with water and allowed to stand at room temperature for two hours. 
Storing the extract in the refrigerator for 24 hours gives little loss 
of enzyme activity (approximately 6%) whereas keeping the extract at 
yoom temperature for 24 hours greatly reduces the Beamylase activity 
(approximately 18%). These extracts prepared in the mixer showed great- 
er losses than those prepared by standing at room temperature, perhaps 
due to an inhibitory action produced by the metal container. 


is 
The medium made up in 2-litre batches; 375 gm. of ground wheat, 


ton Hbb ebaiidon padeesave eneilt.. (00) tLe pis 
bet 6 bas touborg pte " : 


cotteiiertet. efdaizev oF ar | 
said poskises at at ‘ovo “et iuaer eC 


grit ex eottosta Lakotoamoo Hoey at 


pltaetitewxo® Dae vitesse ad ven fonede (ony fuonmlupe cuore, vl sh 


.touborg oLdshtes bas neve vies getvia Beal acy a 
ai drow mo. at setoatedle, enw 


podtem aidT 
tivo vitew to moray 
eihen, posutoubyth Mt (a) v 


fr 


autsated: ai YrLanicd git tell OO iy ae 
a’selfiteib bas (yledaminotaas somtaht 90L) a! nomad tod to. esta cians ran 
etmeliives® shostaddo seod oved Aan (conta ree 


ino natok rotdteqo0o edt Aquos ee 


“etted eevin hac 


' Eset 
gedit notdesrtixeniooee netted tesol ts aenso enige ai bae nots pete 


-qetg etd al -yfetemaos emgesem. oF bur ak abst iri aaa slant | 


flotaseeT omic’ te noltese yxéetuedoota oad ae anyorl oo ifem ot eh it0 


totsw Sahaias cate dex Lat fem Prvets, yLdeortt silt wodle eit ue oe 


ao -aevis paductian 08 x01 xexim secre ma s ak bertite visiawore 


pexta J Lea baora (iieett as fosxe biupil oat oi eulsv tential i 


aso ows sob eurtsreqnod moor Ts. brete, ot Hewokle. bas. seit xu Hy; 


asol efttil, sevig. atwod hg tot rcteregiztet ont at Fostsxe | edt 
te tositxe off gaigoes aaezede be vinteatizotage) writes ous 


es 
eet 


.rantatooo. Eaten nde boon sotise ate 


| = 


esd siuhiesd soa ae bese ae ek a cba si 


- 


% Siode L “he ah nS he aa 7 uy mie ayn 7 ; $ a KO 


e >= enna bilan: baa ze +8 aatbaote x peragety x vente ant 


granular flour or starch is added with good stirring, using a small 
electric mixer, to about 1500 cc. of cold distilled water. The 
termperature is raised in a water bath to 70°C, and gelatinization 
takes place. 1%malt sprouts mixed with water is added with good 
stirring until liquefaction of the starch has taken place (5 to 15 
minutes). Then the mash is transferred to a 2 litre florence flask 
and autoclaved for one hour at 22 lbs. pressure. Special precautions 
must be taken ‘to prevent boiling over during the autoclaving. When 
cooled to 60°C., 5% malt steep is added, complete mixing is ensured 
and the mash is left in a 55°C. oven overnight. If desirable, the 
mash is then filtered using a flat filter with two layers of cheese 
cloth. The clear filtrate or the original mash is then autoclaved and. 
used aby medium when desired. This method gives a fairly uniform 
product that is anwhiy reproducible in the laboratory. Using granular 
flour good results have been obtained. With ae in autoclaving there 
is rarely a need of a preliminary buffering of the medium. Reducing 
sugars in this medium approach the maximum amount obtainable. 

The results obtained using the various media are reported else- 
where under separate headings. It may be stated that the most important 
factor in regard to OE Meee media is pH, and a very close 
control of this factor is necessary. It was found by microscopic 
examination of glucosazone crystals that both maltose and glucose were 
present at the beginning and end of a fermentation involving #alt- 
hydrolyzed medium, although the percent concentration of each was not 
known. Apparently the organism can utilize maltose as readily as 


glucose. 
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The initial percent sugar is very important in determining 
the percent 2,3 butylene glycol in the final liquor. Various levels 
of initial percent sugar in both dextrose and starch-hydrolyzed media 
have given a variety of results. Some difficulties, in the preparation 
of a starch mash containing more than 15% by weight, were noted due to 
the gelatinizing properties of the medium preventing good mixing. The 
percent conversion of the starch to sugar was low in these cases. 
Experiments involving the addition of dextrose concentrate at intervals 
during the fermentation did not give proportionate returns. In most 
fermentations the initial sugar concentration of the medium was about 
10% Some of the results are reported in Table 8. 

It was suggested in a report from Lucidol Corporation (23) that 
2,5 butylene glycol has a depressing effect on the activity of the 
culture. This inhibitory effect of 2,5 butylene glycol on the fermen- 
tation was studied by the addition of small amounts of glycol (0 - 3%) 
to the medium at the time of inoculation. Dextrose medium was used and 
urea, salts and CaCO, added. Medium aeration was supplied. The results 
were so variable that, in all, five experiments with duplicates in each 
were run. The results are given in Table 9 as an average of the 5 sets 
of duplicates. Plate 3 shows this effect graphically. In any one 
test the yields do not give a smooth use and great variability is 
noted in considering single results, however, averaging all the results 
eee the effect shown. It is definitely felt that the inhibitory 
action of 2,3 butylene glycol is one of the main limiting factors in the 
use of a higher initial percent sugar. 

The most suitable medium for this fermentation will undoubtedly be 


limited by the commercial aspects of the enterprise. 
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TABLE 9 


EFFECT OF ADDED 2,3 BUTYLENE GLYCOL ON 
FERMENTATION OF DEXTROSE MEDIUM 


Time of fermentation = 69 hours. 


% Glycol 

% glycol i % Sugar % less amt. 
added Samples Final Consumed Glycol added "AY 
0.0 10 1.57 9.41 2079 2679 60 
0.5 10 0.22 10,74 5264 5.14 08 
1.0 10 1.81 9.15 5041 2.41 02 
1.5 10 cee 9425 4,07 297 a 
220 10 1.45 9.50 4.62 2262 50 
25 10 1.80 9.16 4,53 22035 46 
5.0 10 1.15 9.835 509 2209 42 


PLATE 3 


EFFECT OF ADDED 2,3 BUTYLENE GLYCOL 
ON THE FERMENTATION. 
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4. Temperature of Fermentation , 


A number of tests were run at various temperatures in order to deter- 
mine the effect on yield and rate of fermentation. In the range 30°C, 
to 36°C. no eesti tie (aie cntien ang were found and temperature did not 
appear to be a limiting factor. Results from two different experi- 
ments will be found in Table 10. These results are at variance with 
those reported by A. L. Shewfelt (36). 

As it is more convenient to keep the bath at 30°C. this tempera- 


ture has been used in all cases, except where otherwise noted. 


Se Time of Fermentation 


While it is extremely important that the fermentation proceed to 
completion as rapidly as possible, the factors of yields must also be 
considered. The rate of fermentation is controlled by the condition 
of the organism and, more important, by the rate of aeration. Table 
11 shows results obtained under soul Ses similar conditions where the 
fermentation was completed in various. lengths of time although the per- 
cent sugar was not reduced to zero in every case. It appears that 46 
hours is too short a period for the fermentation and that at least 72 
hours is necessary to secure reasonable yields. Tooheavy aeration is 


detrimental to the yields 


6. Control of pH 


It is very necessary that the pH be carefully controlled in the 
fermentation. The range of pH at which the fermentation will be 


successful is from 5.0 to 6.5, with the optimum from 5.2 to 6.0. How- 
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TABLE 10 


EFFECT OF VARYING THE TRIPERATURE ON THE FERMENTATION 
QF DEXTROSE AND MALT - HYDROLYZED MEDIA 


Tenper- # % Sugar vA 
ature Sam- Fi- Con- % Car- 
Medium (°C) ples nal sumed pH Glycol binol ‘At 


A. Time of fermentation = 46 to 68 hours 


Sugar Sa) 24 -WwO9.. Tad! 5.6 — 6. 2.22 ~ 65 
® Shae i 1.5le a8 Sea ~ 7.0 ~ 2.25 ~ 66 
Malt Mash 32. #3: 2.37 - 4.% = 5.3 2.76 ~ ~ 
" 35 «S| 4.18 - af a 556, 2. 54 - - 
B. Time of fermentation = 46 hours 
Sugar. 36° 3 | 0.07 © 6.47 6.5 = 7.2 “2,64 “0.28 63 
" Sa 35:1 0.26 8.2 ..6.0—~ 6.5 56304-0225 4 
" Sh i-S | 0.357 ~~ Ot * 6.0 ~ 6.7 "2:95 +. 0.58 73 
" S6r7B. 1 0,06 * @.2 O 5.9 ~ 4,.8°-" S747" 0,82 > 59 
Malt ) 50% 3S | 0.09 “ 4.9:— 51. 2.95 06.00 - 
Margquis( s2” Rt BSadl ~ 5.0 ~ 5:7- 3.04 0,60 - 
" $4 5: 26355 ~ 5.6 —- 551 «3.78. 0.09 ~ 
" 36, 38 | 2.66 - 4.9 2.06 0.80 - 
Malt -) 30 S&S i Oses - 5.1 —- HS 35.39 0.13 - 
Garnet ( 383 | 1,00 ~ 5.12 5:2 3,05. 0-03 - 
" 34 8 | O<%0 - 5.0 - 5.2 °2.93 0.07 - 
" 36 3 0.59 - 5.26 55 S526 0.12 ~ 
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ever, under conditions of heavy aeration, even if the pH falls below 
5.0 the fermentation will proceed until all the sugar is consumed, but 
the yields are very low. Under good fermentation conditions Aerobacter 
aerogenes #199 will ferment dextrose with no addition of CaCO. as a 
buffer. During the fermentation the pH falls from 6.0 to about 5.2 = 
deD but sometimes does go lower. However the addition of small amounts 
of CaCO. is sufficient when needed to eeedeh the lowering of the pH in 
act cases below 5.0, using dextrose media. This is apparently affect= 
ed by the condition of the organism which induces a variation in the 
amount of acid produced from time to time. Table 12 shows the effect 
of this variation on the yield. 

Experiments run on June 22 and June 26, although the same amount 
of buffer was added to each sample, produced the variations in pH 
shown. Note that the higher Gdiiterattee yiclab favor the lower pH in 
this case. From the results of an experiment 6 August 9 reported in 
Table 12, the samples were divided into two sections depending on 
whether the final pH was above or below 5.5. Considering the results, 
it is clear that although slightly higher yields were obtained at the 
higher pH there is no significant difference and thus it is assumed 
that a pH below 5.5 is not detrimental to the fermentative ability of 
the organism. Eowever from the Sst of an experiment run on Septem- 
ber 28, which was divided into two sectionsdepending on the final pH, 
it is felt that the lower yield and high final sugar obtained below pH 
5.0 are due to the inhibition of the culture by the acid reaction. 
These experiments were selected to show the effects mentioned and are 
representative of the influence on the culture of differences in pH. 


The acid-hydrolyzed medium is very hard to control. The pH changes 
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TABLE 12 


EFFECT OF CULTURE, BUFFER AND MEDIUM ON THE pH AND GLYCOL YIELDS 


ft __f Sugar _ 
Sam- gms./100 cc. Fi- Con- Ip 
Date ples CaC0Oz NasC0g nal sumed pH Glycol ‘At 


1. Dextrose Medium 


June 22 6 8 0 002 8.2 6.0 = 6.7 3.00 73 
June 26 6 28 0 095 7.5 92-5 = 5.7 3.50 93 
Auge 9 6 8 0 YH) 9.0 5.0 = 5.4 o.L9 toe 
ob 8 0 e Ol 9.5 5.5 = 6.2 5.43 72 
2 8 0 1.28 7.95 5.1 =- 5.2 2.56 65 

2. Acid=<hydrolyzed Mediun 
Mare 2 4 0.8 el 0.80 4.5 4.1 — 4.6 1.61 1 
Mar. 12 1 0.8 el S50 4.2 4.4 0.48 25 
1 0.8 0 2.70 90 4.4 0.53 21 
A 1.6 a0)" £eaO 6.4 4.5 1.64 ol 
1 0.0 ot” “Seo0 D4 4.3 1.54 57 
Mar. 17 2 0.8 eO 2.50 666 4.2 - 4.4 0.99 30 
2 0.8 «&:\ 0.90 8.5 903 = 52D 2.50 56 

3, Malt-hydrolyzed Medium 
Sep. LS al 0.8 eo SeGe = 4,7 meor = 
1 08 ot S276 = 5.0 Beek — 
a 0.8 8 2,48 - D4 2-81 = 
1 0.0 ou. 4,24 cami 4.6 Ze 00 — 
Sep. 28 2 0.8 mf 6.80 6.0 4.5 = 4.6 0.43 14 
2 0.8 8 4.50 8.9 5.0 =, 5.9 2200 56 
Oct. 13 BE 0.8 ot 5. 5a = 4.8 1.09 — 
1 0.8 5B 5.85 — i eS —) 
E 0.8 08 2-61 — 50d 5.09 = 
1 0.8 8 5.09 _ 4.4 1.35 ~ 
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very rapidly during the fermentation and even if the amount of buffer 
added is high the medium often becomes acid. The amount of buffer 
needed varies greatly between experiments and a variety of results are 
found as shown in Table 12. Considering the results obtained in the 
four experiments listed it is apparent that a buffer consisting of 0.8% 
of CaCOsz and 0.8% of NapCOg gave the best returns. The experiment 
carried out on March 2 showed low final sugar concentration, low pH and 
fairly good yield. The suggestion is that as the initial percent sugar 
was comparatively low in this test most of the sugar was utilized and 
2,5 butylene glycol produced before the ee became too acid. Thus 
the satisfactory yield was obtained. It is apparent, from the experi- 
ment on March 12 that no amount of CaCOz alone is sufficient to suc- 
cessfully buffer this medium. | 
Malt-hydrolyzed media is much easier to buffer. With care in 
autoclaving there is no need of a preliminary addition of alkali to 
obtain a satisfactory reaction. However even with this medium adequate- 
ly buffered the pH has a tendency to vary between tests. Some of these 
variations are noted in Table 12. The buffer consisting of 0.8% Caco, 
and 0.8% of NajC0, gave the best results. In some cases 0.8% CaCO, 
plus 0.1% NaoC0z was sufficient to hold the pH at a high enough level 
to obtain satisfactory yields. CaCO, or NapC0g alone did not give suf- 
ficient buffering capacity to the medium. The results obtained on 
October 13 are an example of the unpredictable variations Bae a be 
found even in one experiment. It is this effect that introduces most 
of the aifficulty in handling this saiensaeathaad medium in the labor- 


atory and limits its usefulness in extensive tests. 
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7. Nutrients 


1. Salts 

Salts (MgS0,.7H20 and KHeP04) are very essential in the medium up 
to a certain level and must be added to the fermentation medium at the 
time of inoculation. Table 13A shows the effect of the presence or 
absence of salts on sugar and malted media and also the effect of adding 
salts to the inoculum as suggested by Schenley Laboratories (30). The 
beneficial effect of salts is not nearly as noticeable where malted 
solutions are used although some increase in yield is noted where the 
salts are added. In sugar medium the fermentation will proceed only to 
a limited extent in the aes of salts. In this experiment urea and 
CaCOz were added as suggested by NRRL. (26). 

In a previous extensive experiment the concentration of MgSO, . 7H,0 
was varied in steps of 0.0, 0.901, 0.02, 0.039 0.04 and 0.05% and at the 
same time the amount of KH,P0O, added was varied in steps of 0.0, 0.05, 
0.10, 0.15, 0.20, 0.25 and 0.30% These tests were run with aeration 
on acid-hydrolyzed starch, but the results were so variable that, no 
conclusion could be drawn from the experiment. The most apparent 
difficulty was in the control of the pH of the medium. 

To counteract the variable effect of aeration an experiment was 
carried out with no aeration and the amounts of salts added to the 
fermentation medium were varied. The results are given in Table 13B. 
The experiment was run in triplicate and one sample analyzed at 3 days 
and the other two at 5 days. CaCO and urea were added as suggested 

by NeReReL. (26). These results show that, at least, where aE aeration 
is supplied, the amount of MgS04.7H20 and KHoPOQ4 necessary to carry on 


a normal fermentation approaches a very low level. This amount is 
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TABLE 13 


EFFECT OF SALTS ON THE FERMENTATION OF DEXTROSE AND 


MALT=HYDROLYZED MEDIA BOTH WITH AND WITHOUT AERATION 


Salts in Salts in if % Sugar % 
Medium Inoculum Medium Samples Final Consumed Glycol A* 
A. With Aeration 
Time of fermentation = 46 hours 
Dextrose ~ - =) Gea ps 0.43 33 
n - + 6 1.09 pie Ze 61 
" + ~ 3 4.60 4.6 0.51 22 
bal + + 2 0.66 8.5 2.59 61 
Granular ~ ~ 6 Leoo - 3.16 ~ 
Flour ~ + 5 0.44 ~ 3.88 ~ 
Malted + - 6 1,24 - 2.61 - 
bal + + 5 1.29 ~ 2.95 - 
%, A ar 3 days 
MeS04. % Initial Final . /% q 
7H20  KXo PO, 3 days 5 days Glycol ‘At Glycol ‘A* 
Be Without Aeration 
0.01 Gs65 8.2 a5 0.3 2.51 64 2-67 67 
0.01 0.10 8.8 aoa 0.95 2.20 61 2.74 69 
0.05 0,05 8.2 6.5 0.5 2.44 63 2.93 73 
0.05 0.10 8.2 Ol 0.9 2-67 65 2.67 67 
0.05 0.10 526 1.0 0.1 1.33 58 1.67 60 
0.05 0.50 3.6 Cel 3 1.80 64 1.68 60 
0,350 0.10 5,6 0.1 0.1 1.74 62 Lie 62 
0.30 0,50 525 Oct 2 1.82 65 let 63 
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sanewhat below the level suggested in the N.R.R.L. medium. Certainly 
it will be unnecessary to supply the fermentation medium with salts in 
excess of the amounts suggested. 

2. Nitrogen Source 

Urea has been used as the source of nitrogen in nearly all the 
fermentations. It has proved entirely adequate and apparently is read- 
ily available to the organism at all times. In accordance with 
suggestions of NeR.R.L. the urea is added at the time of inoculation. 

Other sources of nitrogen have been investigated briefly. WH,Cl, 
(Hg) 250, and to a lesser extent (NH4)pC0g have given successful fermen- 
tations. Growth is active and the sugar is rapidly utilized. However 
when using these salts the problem of buffering the medium to give a 
reasonable reaction becomes more difficult. The use of these sources 
of nitrogen presents no advantage in this fermentation and urea has 
proved to be entirely rey Sas from the laboratory viewpoint. 

The beneficial use of non-autoclaved urea has been suggested by 
some laboratories (30). No significant gains or losses have been 
ris in our experiments as a result of using either autoclaved or non- 
autoclaved urea. Urea is either dissolved in water and autoclaved 
for 15 minutes at 15 lbs. pressure or else dissolved in sterile 
distilled water and used without subsequent sterilization. Table 144A’ 
gives a comparative set of results using N.R.R.L. dextrose medium and 
adding urea at the time of inoculation. No real differences between 
treatments were found. The effect of autoclaving urea was also studied 
on malt-hydrolyzed salut tow with similar results, as reported in Table 
14B, 


The effect of various amounts of urea on a non-aerated fermentation 
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was determined. Varied amounts of wea were added to N.R.R.L. dextrose 
medium at the time of inoculation. The urea was dissolved in distilled 
water and autoclaved. The results are given in Table 15. The test was 
done in triplicate, one sample was analyzed on the third day and the 
other two on the fifth day and the results averaged. Although all the 
yields are low the higher amounts of urea give the better returns. 
To test this observation an experiment was carried out, using 
aeration, under similar conditions. The results are given in Table 16. 
‘These results are reported as an average of triplicates. N.R RL. 
dextrose medium was used and salts and CaCOz supplied. The samples 
were analyzed at 40 and 49 hours. The effect on the pH of the fermen- 
tation medium of the various amounts of urea was very marked and the 
agreement between duplicate samples was exceptionally close. A very 
noticeable trend in sugar utilization ha glycol yield is apparent at 
40 hours. The higher amount of urea added definitely favors a faster 
fermentation rate. At 49 hours this effect is less marked. At the 
lower rates of application of urea the medium was acid enough to in-= 
hibit further fermentation. These lower samples were continued to 68 
hours without any appreciable sugar utilization. It is realized that 
the range of urea used was very great and that 0.2% suggested by NRRL. 
(26) is auahe bin sufficient in most tests to give a normal fermentation. 
However the observation that an additional amount of urea added 
will give a faster rate of fermentation with less danger of encounter- 


ing an acid medium may be very important. 


8. Aeration 


Aeration is apparently the most important variable factor in the 


fermentation. In our experiments nearly all the variation among 
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TABLE 14 


EFFECT OF AUTOCLAVING UREA ON THE FERMENTATION 
OF DEXTROSE AND MALT-HYDROLYZED MEDIA 


# ay _% Sugar q 
Urea Samples Final Consumed Glycol ‘A’ 


A. N.RR.L. Dextrose Medium 


Autoclaved 9 2209 8.8 3.04 69 
Non 5 9 205 9.3 3.18 68 

Bo Malt-hydrolyzed Marquis Granular Flour 

Autoclaved 6 3ed0 ~ 2067 ~ 

Non * 6 2.86 - 269 - 


replicates in the same test can be attributed to ineffective control of 
of aeration. A great number of experiments have been run using a 
variety of techniques and modifications of apparatus but, to date, 
no method has given consistent results. Two major aims were considered 
in all See ee regarding the effect of aeration. First it was 
hoped to obtain a simple, accurate method of controlling the amount of 
air supplied to each fermentation tube. Secondly it was desirable to 
obtain a greater understanding of the chemical or physical mechanism 
by which the aeration exerted its control on the fermentation. It was 
felt that the effect was a physical phenomenon and most of our tests 
were run with this consideration in view. 

No system of control yet tried has given good agreement among 
Recitentoa, In the laboratory where small samples are used a slight 


variation in the amount of air supplied has a very noticeable effect, 
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TABLE 15 


EFFECT OF VARIOUS AMOUNTS OF UREA ON NON-AERATED DEXTROSE MEDIUM 


| 3S days ) days 
%, q Su gar ro q 


Urea Initial Final Glycol vA’ Glycol vA’ 
5 days 5 days 


0.05 8.2 1.0 1,0 1.09 30 1.45 40 

0210 822 1.0 1.0 1.58 44 1.65 46 

0.40 8.2 0.5 0.5 1.87 48 2406 62 

0.50 8.2 1.0 0.5 1.62 45 2249 67 

1.00 862 1.0 0.5 1.76 47 1.97 52 
TABLE 16 


EFFECT OF VARIOUS AMOUNTS OF UREA ON AERATED DEXTROSE MEDIUM 


% it 6 Sugar 

Urea Samples Final Consumed pH Glyeol vAt 
A. Samples analyzed at 40 hours. 

0.05 3 4,83 a ae 4.8 - 4.9 2.02 88 

0.10 3 3.97 602 5e0 = 5.0 2.55 82 

0.50 3 tte 8.5 a7 = Se? 3.08 61 

1,00 3 0.85 8.7 6.1 = 6.1 3.06 59 
Be Samples analyzed at 49 hours. 

0,05 3 3000 656 = 2.42 73 

O¢ 10 3 22435 1ée a 3.00 83 

0.50 3 0.00 9.6 = 4,01 84 

1.00 3 0,00 9.6 = 3.78 79 
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However in the pilot plant, or commercially, larger volumes are used 

and it should be possible to control the larger amount of air more 
accurately. Also the pilot plant and commercial plant will of 

necessity be equipped with good recording devices with automatic control. 
Some of the variability in the fermentation should thus be eliminated in 
the good commercial practice. 

In our laboratory tests no continued successful fermentations were 
obtained until an easily controlled unlimited source of air was made 
‘available. Previous tests were limited by the amount of air that could 
be supplied to the ities, and the variations in results due to aeration 
were very significant. The success of these early experiments was 
limited entirely by our ability to supply adequate aeration. 

A good source of air was made available by the use of a unit con- 
sisting of an electric motor, a pump, and automatic cut-out and a pres- 
sure tank. Air was led out through a constant pressure valve of the 
type used with high pressure tanks, and a very even control of air pres- 
sure was obtained. The air was passed through a sterilized cotton 
filter, bubbled through water and supplied to the samples as desired. 
Air was sparged into the samples through capillary tubing mainly, al- 
coeke cotton bags, frittered glass and alundum aerators were all tried. 
Large test tubes (40 mm. x 295 mm.) were mainly used, with 50 ec. to 
150 ce. samples, although in some tests very large tubes (65 mm. x 490 
nme ) were used to ferment 1 litre batches. In most cases the bottom 
was cut out of these extra large tubes and air supplied from the out- 
side through a fine cotton bag covering the rubber stopper. 

Rate of aeration was measured by collecting the exhaust gases in 


a measuring cylinder by the displacement of water, using a stop watch. 
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It was found that as the fermentation proceeded the medium became more 
viscous and a greater air pressure was required to maintain the desired 
aeration rate. No other method of measuring rate of flow was tried that was 
sensitive enough to give sufficiently accurate results. It is felt that 

to obtain the necessary aeration control an accurate, automatic system 

of measuring rate of flow is required. 

A great number of experiments have been run considering the amount, 
effectiveness and results of aeration on the fermentation. It was found 
that the rate of aeration controlled to a considerable extent the time 
of fermentation. Aeration also exerts a control on the amount of acetyl- 
methylearbinol in the final fermentation liquor, expecially where the 
aeration rate is high in the latter stages of the fermentation, 

Table 17 shows the comparative effect of fermentation with cotton 
bagse These bags were tightly fastened to the lower end of the capil- 
lary tubes and the air was broken up into a fine stream of bubbles. 
Difficulties arising from contamination of the medium were more frequent= 
ly pastes where these ‘aeration’ bags were used. Aeration was 
neaeeate in all cases and although the glycol yields were low the dupli- 
cates did not show great variation. The results show that although 
aeration with the cotton bags caused a better utilization of the sugar 
the yields of glycol were lower. It is realized that the air is more 
efficiently used when broken up into smaller ies Lon and quite possibly 
a lower rate of aeration would have given better results. In the lab- 
oratory it is much more convenient to clean and keep sterile capillary 
tubes- and these have b€en used extensively. 

The use of alundum balls and frittered glass aerators gave an 


excellent distribution of the air into fine bubbles. However in both 
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TABLE 17 


EFFECT OF USING COTTON BAGS AS AERATORS ON 
DEXTROSE AND ACID-HYDROLYZED MEDIA 


# _$Suger & % 


San- con= Gly- Car- I 
Aerator Medium ples Final sumed col binol Etoh *A* 'B? i 
Capillary Dextrose 6 1.623 6.4 2649 18 - 78 83 - 
Bag = 6 0.28 7,3 207 .34 - 57 @666 ~ 
Capillary Acid HG 1008 4) G61 265 8.41 | 7e GE ais 
Hydrolyzed ( 
Bag Wheat OG ‘Oet des 1.56 .27 1.57 | 95 85 ° i062 


cases normal fermentationswere not obtained probably due to inhibition of 
the culture induced by these aerators. 

The amount of air used for aeration is very important and a great 
range of optimum rates hag been suggested. However the use of ‘various 
types of apparatus will vary the amount of air required. Table 18 
gives results of aerating at different rates over a period of time. 
Note the decided change in activity of the culture. Wate these to 
the results reported by A.L. Shewfelt (36) also shows the tendency of 
the culture to vary in rate of fermentation. Heavy aeration gives a 
fast rate of fermentation, where the culture in active, but a low 
glycol yield. Under our conditions an aeration rate in the range from 


250 to 500 cc. per litre per minute is optimum. This will give a fer. 


mentation time from 48 to 60 hours with good yields. A faster time 
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appears to reduce the yields while a longer time of fermentation gives 
no advantage. Ina number of other tables also the effects of the 
rate of aeration on the yields are noted. 

In order to determine the period during a fermentation in which 
the aeration was most effective a number of experiments were run. 
Some of the results are reported in Table 19. Dextrose medium was 
used in all cases and nutrients supplied. It is noted that to complete 
the fermentation in 46 hours heavy aeration is needed. Any slower rate 
of aeration either at the beginning or end of the fermentation increased 
the final sugar and lowered the yield. Slower rates of aeration in the 
latter stages of the fermentation did not appear to increase the glycol 
yield. The percent alcohol did not vary consistently and showed little 
change regardless of aeration treatment. The second part of this table 
demonstrates the adverse effect of P high aeration rate in a longer 
fermentation. Undoubtedly the lower glycol yields at the higher aeration 
rates can be mainly accounted for in higher acetylmethylearbinol yields. 
Quite possibly the small amounts of remaining sugar at the higher rates 
would not be shown if the correction for carbinol ws applied. This 
experiment is a good example of the effect of a high rate of aeration 
on a fermentation which is allowed to proceed past completion. 

Considerable difficulty was encountered using high rates of 
aeration with foaming tendencies of the medium. The condition of the 
culture had some effect on this tendency. Beers malt-hydrolyzed pro- 
ducts show a great tendency to foam even when the medium is filtered 
before use. The medium suggested by Seagram's Laboratories (32) also 
induces to some extent this tendency. 


To counteract this effect anti-foam agents were added. Amyl alcohol 
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TABLE 19 


EFFECT OF VARIED AERATION ON THE FERMENTATION OF DEXTROSE MEDIUM 


EE OS ee ee ee ene 


# Ss q 
Time Sam- Fi- Con- q, Car- I 
Aeration (hours) ples nal sumed Glycol binol Etoh ‘A* 'Br 'c? 
* Heavy, 46 9 0.55 10.0 2.8 0.43 0.42 56 65 73 


Heavy, moderate a6. 6. 2645 9.2.)\-2.56 Ovl4. 6:38. 62... 68. 75 
last 16 hours. 


Heavy, none 46 6 2044 8.2 1.84 0.00 0.40 45 45 55 
last 16 hours. 


Moderate 46 3 2.88 Tat 2.135 0.00 0.44 55 55 67 


Moderate for 24 46 6 1.25 9.5 2.86 0.05 0.41 62 63 we 
hours, then 
heavy. 


Moderate for 22 AS} & - 53.358 6.8.6,4584 . 0220 . O.S5 S4 Gor - 7a7 
hours, heavy for 

7 hours, moderate 

for 16 hours. 


Heavy, 40 3 1.62 9.0 2655 0.06 0.88 56 5a” “64 


Heavy, moderate 40 3 3.39 Ve2 icile87\« 0508 0647 -S2 <B4 67 
last 16 hours. 


* Heavy aeration is approximately 500 cc./litre/min. 
Moderate aeration is approximately 250 cc./litre/min. 


Be Time of fermentation = 80 hours. 


Sugar 
Aeration Samples Final Consumed Glycol %At 
100 ec./litre /min. 6 0.00 10,1 3.44 68 
250 cc./litre/min. 6 0.44 9.7 2.72 56 


500 cc./litre/min. 6 oiaets: 9.8 2097), 57 
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TABLE 20 


EFFECT OF ADDED OLEIC ACID ON THE FERMENTATION 
OF DEXTROSE MEDIUM 


Oleic # % Sugar I, 4 
Acid Aeration Samples Final Consumed Glycol Carbinol ‘'A' ‘B? 


A. Time of Fermentation = 68 hours. 


| 0 Moderate 2 0.99 9.12 2091 0.00 64 ~ 
5 drops x 2 2022 7.78 2.13 0.00 55 - 


Be Time of Fermentation w# 68 hours 


0 250ce./litre/ 3 0.12 9,88 2.82 0.00 57 - 
5 drops ® mine 3 3.58 642 1.91 0.00 60 ~ 
O 500cce./litre/ 3 0.52 9.49 -3,29 0.78 69 96 
5 drops e ming >= <3 0.92 9.08 2694 0.00 65 - 
0 1000ce./litre/ 2 Q@a71 9429 3.00 1.22 65 91 


5 drops : mine 2 0.14 9,86 3.16 0.39 64 72 


was tried, but although effective, the ree is too volatile and the 
effect lasts only a short time. It is thought that amyl alcohol reduces 
the glycol yield. Commercial lard oil was very useful but inhibited the 
fermentation to a marked extent. The use of oleic acid gave the best 
results. Except in very few cases the addition of a few drops controlled 
the foaming sufficiently so that a normal fermentation was obtained. It 
was thought that the addition of oleic acid to some extent inhibited the 
fermentation To test this a series of experiments were carried out and 
representative results are reported in Table 20. 

At a lower aeration rate the utilization of sugar is definitely 


interfered with and the actual glycol yields are lower where oleic acid is 
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supplied. However at the higher rates of aeration this inhibitory 
effect is not present. Sugar utilization is good and the yields of 
glycol are comparable to those of the checks. Note the lower produc- 
tion of acetylmethylcarbinol where oleic acid is added. The combined 
yield of glycol and carbinol definitely favors the check samples and 
shows that even at these higher rates of aeration the oleic acid 
inhibits the fermentation. 

It is undoubtedly better to make use, if possible, of a culture 
and medium which do not favor the production of this undesirable foam- 
ing characteristic. 

To supply sufficient sterilized air for a large fermentation would 
be an expensive process and difficult to maintain. Considering this 
fact a series of 10 tubes was aerated in the following manner. Air was 
introduced into the first tube at a constant rate. The exhaust air 
from the first tube was forced through the second tube through rubber 
tubing. This was repeated through the ten tubes. Leaks were eliminat- 
ed as far as possible and all the tubes had the same air going through 
each one plus any carbon dioxide or hydrogen that was produced by the 
fermentation. NeReReL. dextrose medium was used in each case. The 
results me reported in Table 2l. 

These results are somewhat variable but there is no significant 
variation. Thus we can say that the air can be recycled through the 
fermentation medium at least nine more times without any loss of effect- 
iveness. In our laboratory it is not possible to collect the exhaust 
air plus carbon dioxide plus hydrogen and recycle it but in commercial 
practice this should be possible and, if effective this would eliminate 


to some extent the sterilization of large amounts of air. 
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TABLE 21 


EFFECT OF RE-CYCLED AIR ON THE FERMENTATION 
OF DEXTROSE MEDIUM 


% Sugar 
Con-~ : q % q 
No. | Final sumed pH Glycol Carbinol Etoh tAt BY Cc? 
1 054 9.3 4 5-67 0.5 ~ 79 90 - 
2 46 9.3 6.1 Se 64 0.5 043 78 89 98 
3 e355 9.5 s 3-68 0.5 40 77 88 96 
4 206 9.4 5.6 Key a 0.5 - 79 90 - 
5 296 8.8 = 9065 0.5 55 83 94 107 
6 a al 9.5 5.7 3.84 0.5. ) Se 81 91 be 
7 . 9.8 3 3.77 0.5 - 27 88 o 
8: "4,28 9.5 5.7 3.68 0.5 ~ 77 ge 3 
31 OL 8.8 eo 3.32 0.5 - 75 a7 : 
10 ag” gia 6.8 3.59 0.5 - 78 89 - 


This experiment led to the reconsideration of the suggestion that 
the air performed only a physical action in the fermentation. A tank 
of liquid carbon dioxide was obtained from the Canadian Liquid 
Carbonic Corporation in Edmonton. After preliminary tests an experi- 
Inent was carried out using various mixtures of COo and air. A sample 
of the mixture was analyzed in each case and the amount of COp deter- 
mined accurately. NRRL. dextrose medium was inoculated and the 
aeration rate controlled carefully. Samples of the fermentation liquors 
were taken at regular intervals and analyzed. The results are reported 


in Table 22. In no case was there ever any acetylmethylearbinol present 
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TABLE 22 


EFFECT OF AERATION WITH COs ON THE FERMENTATION OF DEXTROSE MEDIUM 


Aeration 
Rate # % Sugar 
% ecc./litre Sam- Time Fi- Con- q, q, 
COj /min. ples (hours) nal sumed Glycol toh ‘A’ 107 
o4 250 4 44. 1,84 8.0 2.06 - 52 - 
250 4 68 0.00 9.8 2.81 ~ 57 ~ 
500 4 63 0.00 9.8 2.98 - 61 - 
2501 250 4. 4A 4.03 4.2 ae ~ 58 - 
250 4 68 2.28 5.9 1.81 ~ 61 - 
250 4 92 0.90 Geo 2.28 0,88 65 87 
500 4 44 2466 05 1.72. = 62 ~ 
500 4. 68 0.60 7.6 2.37 a 63 - 
500 4 92 0,07 a. 2.40 0.86 59 81 
48.1 250 8 44. 3.08 56.7 1.87 ~ 66 - 
250 8 68 2.03 6.e 1.82 - 54 - 
500 8 44 2.02 6.8 2.34 ~ 69 ~ 
500 8 68 1.34 aS 2.19 - 58 - 
69.2 250 4 44 0.00 Bek 2.18 - 53 - 
250 4 68 0,00 8.2 2.08 - 51 - 
500 4 44 0,00 8.2 2.46 - 60 ~- 
500 4 68 0.00 8.2 Ay = 59 “ 
100.0 250 4 44 3.80 5.8 2.16 - 74 - 
250 4 6a 5 i 8.5 3.04 a 72 - 
900 4 44 4,86 4.7 1.98 - a1 ~ 
500 4 68 1.87 oF ei - 81 = 
1000 4 67 2.80 6.8 1.97 = 58 - 
1000 4 108 TOF 8.6 PSO? 1.29 47 76 
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in the fermentation liquor, 

Aeration rates as high as 1000 cc, per litre per minute failed to 
produce any carbinol where the percent CO5 was high. At 250 cc. per 
litre per minute aeration with only 25% COo showed no carbinol on 
analysis. These tests were run consecutively to try to offset any 
variations in the activity of the culture. However it is apparent 
that the rate of fermentation is more affected by other factors than by 
the percent CO. used for aeration; possibly by a change in the activity 
of the culture. Considering all the results no consistent trend in 
yields is noted with increasing percent co. However at the higher per- 
cent COs, in each case, the longer time of fermentation gave a rather 
lower yield of glycol, instead of a higher yield as in the case where 
air containing 25% COs was used, even though there is more sugar 
utilized. This fermentation apparently does not favor the formation 
of glycol but as the results show the percent alcohol formed is 
considerably in excess of the amount usually present. The fact that 
the fermentation will take place with C0» replacing air in the aeration 
system is very significant and supports the theory that the effect of 
the air is a physical phenomenon. Further experiments to find the 
effect of using CO> and a culture giving high yields in the check will 
probably show the extent to which C05 can be used without detrimental 
effects. If this factor were known the practical extent of recycliza- 
tion of air through the fermentation medium could be decided. - 

As it was very difficult to obtain an accurate control of aeration 
with air other suggested methods were tried. 

Mixing with a mechanical stirrer did not give satisfactory results. 


No apparatus was developed that could be safely left overnight and though 
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this is feasible, practical considerations did not appear to warrant 
this development, Other methods of agitating the fermentation medium 
were tried but none with success, mostly due to difficulties in 
construction of a suitable apparatus. The most successful of the these 
involved the use of a revolving drim, but even here yields were low and 
uncertain. 

Shaking the fermentation medium in a 'to and fro' shaker gave 
variable results. Small variations in the current caused the motor to 
fluctuate greatly in speed and although it was possible to vary the 
speed of the motor this required constant supervision and was thus not 
practical. Another difficulty arose due to wetting of the plugs from 
splashing. This effect introduced difficulties that could not be 
readily overcome under our eenartiaua The method did not give more 
consistent results and required more supervision than the use of air 
for aeration. The apparatus was used extensively in the preparation 
of inoculum solutions where aeration was desired. Some fermentation 
results are given in Table 23. The effect of shaking the fermentation 
solution was ompared with ordinary moderate aeration on two media. The 
low yields from the sugar medium are not easily explained. Undoubtedly 
the initial sugar reported on the acid-hydrolyzed wheat medium is too 
low. Some difficulties were edhe in obtaining the correct percent 
reducing substances in this medium, possibly because the organism is 
able to ferment some of the higher molecular weight constituents which 
are imcompletely broken down to dextrose. The results from both methods 
of aeration are very variable. This is an example of one of the better 
fermentations produced by shaking the medium. Mechanical difficulties 


limited the usefulness of the method and most of the experiments led to 


unsatisfactory fermentations, 


mui bem settesaons'y ade. hon is | 
' an 

ot voidivorttit ot oub y o 
eaodt exit 0 {uteesoone Yeon ft vee eT sg a of et ue 


bis wol ezow able ty ered neve fe un sited vo" 


pe 


arom ovis ton bi bodent ot - enotitsc0s myo : seb, | encorsye | 

‘ tis to. eav. eng fees notetvredsa oton. | bertluper ih | 
| noltsregetg ent of ee entre: Boer acw eutereats edt. 
noidatmenmre’ Se ‘ bonkes®, enw setters orreciw enottuloe “ a ont 
toltatasume t-edt acistede to torte ent 


, od? .etbem owt: fats) nottaxes edsiebom ysaatbzo db shite ea = a ee a 


yb efduoball _sPontetaxe utero. fon ets: mubbom eae bad abL 


 setted oft to en0 To otgwaxe 18 ar ait seldatsor wer ce 


he 


_ 9), -eeteigortttb Ladtnoiioett -emuttbe rt od abide oe 


8 


~61~ 


TABLE 23 


EFFECT OF SHAKING ACID-HYDROLYZED AND DEXTROSE MEDIUM 
ON THE GLYCOL AND CARBINOL YIELDS 


Time of fermentation =» 69 hours. 


Sugar % jo 

Aeration Medium Final Consumed Glycol Carbinol ‘A’ "Bt 
Re eee 
Shaken Acid ) 1.4 5.1 1.82 40 71 87 
x Hydrolyzed ( ge 5ed 2238 »40 90 105 
iii Ground) 126 35 a8). {ae go 91 
Aerated Wheat ( 0.5 6.0 2.53 25 84 93 
® i 0.8 57 2.94 40 103 Li? 

Me = 0.9 5.6 2276 240 98 113 
Shaken Dextrose 1.7 8.7 2.16 025 50 55 
Aerated " 1.6 8.8 0.43 00 10 10 


Aeration has introduced much veriation into our laboratory 
experimental results and if aeration were unnecessary considerable 
benefits would result both in laboratory and commercial practice. 
Therefore Aerobacter aerogenes #199 has been tested from time to time 
in non-aerated fermentation. (See Table 13 and Table 15.) Table 24 
shows the results of some of these check tests and demonstrates the 
variation that is encountered in the activity of the culture under 
these conditions over a period of time. In nearly all tests the 
yields of glycol are lower than those obtained where aeration is used. 


Note the exceptionally high alcohol yields reported in the last two 
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TABLE 24 


VARIATIONS IN GLYCOL AND ALCOHOL YIELDS IN 
NON-AERATED DEXTROSE MEDIUM 


Time % Sugar % gy, 


Date (hours) Final Consumed pH Glycol Etoh "AY oO? 
Nov. /42 120 0.8 8.3 5.5 1.97 ~ 47 - 
Jan. /43 120 5.1. Sel - 0.40 - 26 - 

| July/43 72 0.5 10.5 - 3577 - 72 - 
Nov. /43 92 0.5 9.3 - 1.94 1.36 40 69 
164 0.0 9.8 - 2.55 1.30 52 79 

Jan. /44 96 0.0 5.6 - 1.44 Te10° 51 91 


tests. The low yields and long fermentation time required where no 
aeration is supplied make it essential to aerate the samples in order 


to obtain a normal fermentation. 


9. Glycol - Alcohol Ratio 


It has been observed over a period of time that there are definite 
variations both in the activity of the culture and in the relative 
yields of glycol and alcohol produced. These variations have been 
discussed previously. In addition to these however it is found that the 
ratio of glycol to alcohol varies over a period of time. The results 
found in Table 25 represent this change. Although this appears to be a 
rather gradual tendency there are marked variations from the general 
level in certain experiments. These latter variations are very hard to 


account for unless it is assumed that the culture produces markedly 
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TABLE 25 


THE RATIO OF GLYCOL TO ALCOHOL AS FOUND IN VARIOUS FERVENTATIONS 
USING DEXTROSE MEDIUM 


# % q 
Date Samples Glycol Alcohol Ratio 
Apr ./43 4 2.68 0.82 $34.2 
Apr. /43 10 1.98 0.39 i I 
‘May /43 12 1.60 0.55 a eee | 
July/43 10 2.63 0.49 5.4.05 1 
Aug. /43 10 3.05 0,54 6.2 el 
Sep. /43 6 3.69 0.58 6.4.6.5 
Nov. /43 8 2.35 0.83 | 2.92 2 
Nov. /43 4 Sele 0.64 4.9 32 
Jan. /44 5 | See wk 0.68 a ge 


different strains from time to time. The general decline of the ratio 
from August and September, 1943 until January, 1944,is very hard to 
explain and no controls have been devised that have permanently 
increased the ig. By a random selection of colonies from the plated 
culture, it is possible to obtain certain strains that give higher 
glycol yields. However this method is only useful within moderate 
limits. The best method of control probably is to preserve the culture 
either by infrequent transfer or by lyophilization when the ratio is 


high. 
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TABLE 26 


THE COMPARATIVE PRODUCTION OF ALCOHOL AND GLYCOL 
ON DEXTROSE MEDIUM AT VARIED AERATION RATES 


% Sugar 


Time Con- 4, q, % 
(hours) Actual sumed pH Glycol Carbinol Etoh ‘A’ ‘Bt Od 


A. Aeration Rate = 1000 cc./litre/min. 


(Results are given as an average of six tests.) 


1 9.66 0.0 6.0 0.16 290 207 ~ - - 
16 7269 220 5.7 0.81 00 eal 81 81 101 
24 4.47 4.9 Ded 1.25 200 020 ol ol 60 
46 5.48 6.2 5.1 2.51 210 029 81 84 94 
56 5.18 6.5 Sel 2.58 005 027 79 81 89 
64 1.27 8.4 5.9 2.68 ~ 10 039 64 66 75 


B. Aeration Rate m= 1500 cc./litre/min. 
(Results are given as an average of two tests.) 


yey ees «= g.9 80 05 < “ = 

16° Gites 659 —5.4 6.46) .. 400 J19.0"' 69° Be 
die eeeat 1.6.5.2. | aoe: 7) .008 ste 65). 68 73 
46) Oe. co (658 Sek Be AG) 4. ee 28 63 64 72. 
gir eee” Se Sef S01 26 #74 gl 
6.67 (656. 5.1 31 L683 36 75 74 g2 


10. Yield Curves 
Some experiments were run in very large test tubes fermenting 
about 1000 cc. in each sample. Tests were run at various rates of 
aeration and much care was used to standardize conditions. Because 
of the larger volume of air required a closer control of aeration rate 
was possible. Samples were removed at various intervals and analyzed. 
Table 26 gives some of the results obtained. See also the accompanying 


eraph. N.R.R.L. dextrose medium was used in all cases and salts, urea 
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and Caco, supplied. Foaming was a problem in some of the tests and 
necessitated the addition of oleic acid which may account for the 

rather low yields. Heavy aeration did not produce the quick fermentation 
and high yields of carbinol that were obtained under similar conditions, 
when 100 cc. samples were tested. The sugar was gradually utilized, 
until it fell to a low level although the fermentations were not quite 
complete at 64 hours. The pH values dropped rajidly in the first 24 
hours then changed but little more. Glycol and alcohol are both pro- 
duced gradually as the sugar is utilized and approach the maximum amount 
obtainable towards the end of the fermentation. Acetylmethylearbinol was 
produced only in very small amounts towards the end of the fermentation. 
The graph shows these effects very well and demonstrates the important 
fact that as the sugar is gradually utilized it is converted to glycol 
and alcohol in anedé the same ratio throughout the fermentation. Even. 
in these large samples variations between replicate tests were quite 
marked although it is felt that a better control is possible than when 


» 


using smaller samples. 
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Isolation and Study of New Organisms 


1. Isolation Technique 


After making a preliminary survey of the literature on isolation 
technique and obtaining suggestions from other laboratories (4, 38) 
the following method of isolation was adopted. 

The contaminated materials (soils, fresh or rotting vegetables, etc.) 
are placed in 10 ce. of Peptone-Iactose Bile Broth (19) in a test tube 
and stored in a 30°C. incubator for 24 to 48 hours. lt was found that 
dextrose may be substituted for lactose with equal success. Good gas 
production in this medium is an indication of an active culture. 1 cc. 
transfers are made from the original test tube to another tube contain- 
ing the same medium and incubated.for 24 hours. The mixed culture is 
then plated on either Difco Eosin Methylene-Blue Agar or on Difco 
MacConkey's Neutral Red Agar. By To it was possible to select 
the correct organisms very easily and on Difco. Methylene-Blue Agar the 
standard type of Aerobacter colonies if well separated were quite 
large bs, 6 ie neighboring colonies ran together quickly; colonies 
are considerably raised and markedly convex; the centers are deep 
brown and usually no metallic sheen is observed. On MacConkey's 
Neutral Red Agar two main types of Aerobacter colonies were observed: 

1. Small red colonies producing no color change in the medium. 

- 2. Lighter coloured colonies (yellow or pink) having a definite 
thick centre and pale outer ring accompanied by an alkaline reaction 
in the medium. 

After selection, each colony was transferred to NRRL. inoculum 


medium. It was found that very few types of organisms other than 


Aerobacter were present on the plates. The original source does not 
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favor growth of Escherichia and other contaminants were inhibited by 
the various media. A variety of colony types was observed on both 
media but the most desirable organisms appeared to have the standard 
characteristic colony type (4, 8). 

After growth had taken place in the NeR.R.L. inoculum the 
selection was tested in Kosen-Citrate medium (8). Growth at 24 hours 
as indicated by a turbid solution was considered a positive test. 
However after preliminary tests, it was felt that this step was un- 

- necessary in that the results were somewhat variable mainly because 
the test is hard to determine when only slightly positive. 

The Voges=Proskauer test became the critical test. After much 
investigation of different suggested neeneae the modification suggested 
by Dorner and Hellinger (9) was used and a positive test was taken to 
indicate the definite presence of an Aerobacter culture. 

In all, 341 cultures classified as Aerobacter types, were isolated 


and to these, yield . tests were applied. 


2. Selection of Suitable Culture 


As it became apparent that the necessity for aeration was one of 
the limiting factors in the Aerobacter fermentation it was resolved to 
try to isolate a culture which would give a reasonably active fermen- 
tation with a good yield of 2,3 butylene glycol in a non-aerated medium. 
The tus. Ge a non—jaerated medium considerably limited the amount of 
routine labor required. By experiment it was found that isolates giy- 
ing the ae results in non-aerated medium gave the highest yields in 


aerated medium . 
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All isolates were tested at least in duplicate, using test tubes 
samples containing 10 cc. of NRRL. dextrose fermentation medium (26). 
These tubes were analyzed on the fifth and if necessary the ninth day, 

A quick test to give the general level of sugar remaining was utilized, 

A 1 cc. sample was added to 5 cc. of Benedict's solution, shaken, 
and heated in a boiling water bath for two minutes. The colour of the 
solution indicated the general sugar level. 

If the sugar was low 2,3 butylene glycol, and in many cases ethyl 
alcohol, were determined. From this first selection 75 cultures were 
picked as having good possibilities. All gave fair yields in a 5 day 
fermentation. The criterion was set at an average glycol level of 2% 
in these first tests. 

Many of these selections were tested with aeration and comparative 
yields were obtained. Further selection was necessary and a series of 
tests was carried out on these 75 isolates. After a critical examination 
of all the results obtained 20 cultures were selected for further study. 
These cultures have all averaged at least 2.50% glycol without acration, 
which is between 50% and 60% of theoretical production based on the 
initial amount of sugar supplied. In most cases the alcohol yields are 
high and the glycol alcohol ratio varies from 5 : 1 to 1.5 : 1 in the 
non=aerated medium. The time of fermentation under optimum conditions 


was reduced to 3 days in many tests. 


3. Glycol and Alcohol Yields 


Table 27 gives some of the yields obtained with the better 
selections both on aerated and non-aerated medium. Where no aeration 


was used the fermentation took from 3 to 7 days but where aeration was 
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TABLE 27 


FERMENTATION RESULTS OBTAINED WITH SELECTED ISOLATES 
(All tests run on N.R.ReL. Dextrose Medium) 


A. No aeration 


if % Glycol % 
No. Tests High Low Average Etoh ‘A’ 
196 6 4,21 2208 2289 1.32 61 
197 6 3079 2044 2-8 1,24 60 
198 6 3.92 2249 299 1.50 64 
249 8 5.51 2000 2262 0.51 56 
250 9 5049 2210 2258 0.54 55 
256 7 3.69 Zeal 20695 0.46 56 
258 9 5e14 1.73 2261 0.80 56 
260 9 5.44 1.93 2.69 0.47 57 
265 5 3209 2209 2668 0.54 57 
267 7 3.69 1.14 2042 ~ 52 


Be Moderate Aeration 


% Sugar 
Time Con- % 
No. (days) Final sumed Glycol Carbinol Etoh rar 


250 3 0.5 Se. 2.99 0.00 0.39 66 
258 & 0.5 9.1 3.21 0.02 0.53 71 
260 ae 0.5 Se 5.44 0.02 0.39 76 
265 4 1.0 8.6 5.04 0.50 0.47 71 
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used the fermentation was complete in 3 to 4 days. Aeration appears to 
inhibit alcohol production and aid in glycol production, particularly 
in some cases. There is no great variation in results between cultures 
and it was noticed that in any one test the general level of glycol 
yields varied little among the selected isolates. There was a definite 
variation in yields between tests of one isolate. The yields with 
aeration compare somewhat favorably to those obtained using selection 

#199, although the glycol yields are considerably lower than the better 
| returns from this selected culture. It is not felt that any one of 
these isolated cultures possesses any significant or distinct advantage 
over Aerobacter aerogenes #199. 

Three of the selections (198, 249, and 262) were tested in non- 
aerated medium using various amounts of salts and urea. (See Table 13B 
and Table 15 for #199 results.) Various amounts of salts did not 
produce any definite trend. However, increasing amounts of urea, as 
with #199, increased the amount of glycol produced by all three 
selections. 

Some tests were run on large volumes (1000 ec.) with no aeration 
in order to compare yields with those obtained with small samples. It 
was found that the comparative glycol yields were somewhat lower but 


did not vary markedly in these larger samples. 
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DISCUSSION 


Aerobacter aerogenes #199 is a very active culture which will 
under optimum conditions produce a relatively quick fermentation giving 
a good yield of 2,3 butylene glycol. 

To find these optimum conditions so that a rapid fermentation with 
. high yields may be attained, all the major factors which affect the 
fermentation have been considered in detail. Various media have been 
tested under many conditions and the results reported. 

No one factor acts independently of the others and thus, to 
secure the desired result, it is necessary to have all conditions at 
an optimum. Due to this fact, the study of this fermentation becomes 
more involved, in. that, unless all other factors except the one under 
consideration are optimum, the correct effect is not attained. Because 
these factorscannot be kept at optimum very variable results are 
obtained and it is necessary to run a number of samples and tests in 
one experiment and average the results. Acid and malt-hydrolyzed media 
have been extensively prepared from ground wheat, flour, granular flour 
and starch and used in the fermentation. Suitable laboratory methods 
of preparation were studied using both acid and mlt, Both brewer's 
and distiller's malt were used Agape it was found that distiller's 
malt gave the better results. Malt-hydrolyzed medium was more easily 
prepared and gave a better fermentation than acid-hydrolyzed medium. 
Granular flour was found to possess some definitely favorable charac- 


teristics that made it very useful. In fermentation experiments acid- 
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hydrolyzed and malt-hydrolyzed media gave more variable results than 
dextrose medium and for that reason the latter medium has been used 
extensively in studying the various factors. 

The organism has been found to vary seriously over a period of 
time for no apparent reason. This has been a variation involving both 
the rate of fermentation and the yields produced. The rate of fermen- 
tation was found to increase under similar aeration rates. Some part 
of this decrease in time of fermentation is due to better technique in 
handling the culture and inoculum, and to the use of a more nearly 
optimum medium. The variation in yields has not only been a lowering 
of the percent conversion of the sugar utilized to glycol but has also 
been an increase in the percent converted to alcohol thus tending to 
lower the glycol to alcohol ratio. This is a very serious problem and 
the conditions which influence the change are not understood. Two 
methods of control have been applied. 

First by a random selection of the plated culture, it is possible 
to a limited extent to obtain a strain which will give somewhat better 
glycol yields. 

Secondly it is hoped by using a modified ‘lyophile’ method to 
preserve the culture for use, at any time, when it is in 4 very 
active condition and produces high glycol yields. 

The pH must be within the range 5.0 = 6.5, but if possible should 
be between 5.2 = 6.0. A pH less than 5.0 inhibits the culture, and 
sugar utilization anc yields are very low. After carrying out the 
fermentation in the range of temperature from 30°C, to 36°C. it became 
apparent that other factors affected the results more definitely than 


did temperature. A temperature of 30°C. is suggested, as good results 
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can be obtained and it is easier to maintain this lower temperature. 

Time of fermentation and rate of aeration are very closely related. 
A high rate of aeration gives a quick fermentation but the yields are 
low. <A moderate rate of aeration will undoubtedly give more satisfac- 
tory returns. The effect of aeration is apparently not due to a 
chanical reaction but to a physical phenomenon. Air may be recycled 
with no loss of effect. It was found by experiment that CO, either 
pure or in mixtures with air inhibits the fermentation rate only 
slightly, but does lower to some extent the glycol yields. This 
suggests a practical application in that a considerable amount of the 
air may be recycled giving good results and thus a saving would be 
made in sterilization of large quantities of air, 

It was found very difficult to control the rate of aeration within 
narrow enough limits so that any variability in the fermentation due to 
other conditions under question would not be masked by the relatively 
large amount of variability introduced by irregular aeration. Numerous 
methadk of control were tried and it is felt that there is a definite 
need for some reliable automatic system of controlling air flow if 
accurate results are to be attained. Shaking the fermentation medium 
and other forms of agitation gave no better results than did those where 
aeration was used. 

The nutrition of the culture appears to be very simple. Small 
amounts of MgS04.7H20 and KHeP04 are very necessary especially where 
dextrose medium is used. The best source of nitrogen is urea as the 
culture is able to utilize this source easily without the formation of 
undesirable by-products. There is some evidence that increasing amounts 


of urea will inerease the rate of fermentation. 
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By using suitable technique and media it was possible to quickly 
isolate large numbers of Aerobacter type organisms. The better 
cultures were selected and tested under a variety of conditions. It 
was realized that it would be very useful to isolate an organism that 
would give an active fermentation and good yields without aeration. 
With this in mind the better isolates were tested and although it was 
possible to obtain a complete fermentation in from 3 to 7 days the 
yields of glycol were low and the alcohol yields high. Using these 
same organisms with aeration increased the yield of glycol significant- 
ly and also lowered the fermentation time. No isolate appeared to give 
better results than Aerobacter aerogenes #199. 

It is not possible to evaluate laboratory results in definite 
terms of commercial practice. This may only be done with any degree - 
of accuracy after the findings in the laboratory are tested in the 
pilot plant. Thus it is’ impossible to state, except in genpral terms, 
whether under commercial conditions differences in aeration, pH etc. 
will have the same effects on the fermentation. 

It is hoped that the laboratory investigations carried on here and 
elsewhere will be of definite value in suggesting optimum fermentation 
conditions that will enable pilot and commercial plants to obtain good 


results. 
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Aerobacter aerogenes #199 is a very active culture giving a rapid 
fermentation with a relatively good yield of 2,5 butylene glycol and a 
low yield of alcohol under optimum conditions. 

Considerable variation has been encountered both in the activity 
of the culture and in the yields produced. 

By selection of colonies and by ‘lyophilization’ of desirable 
cultures, attempts have been made to standardize culture activity and 
consistently obtain good yields. 

Other factors have been tested in order to determine their effect 
on the fermentation. 

In handling the inoculum, transferring the culture from the slant 
two or three times feat eileen before usé and using 5 — 10% 
of a 16 = 24 hour inoculum has given good results. 

A fermentation temperature of 30°C. has been found to be satisfac- 
tory. 

Aeration is essential for a desirable fermentation. Large quantit- 
ies of sterile air are necessary. Heavy aeration gave a fast fermentation 
with low yields. Moderate aeration gave a longer fermentation , but more 
satisfactory yields. It was found feasible to recycle the air at least 
‘10 times with no loss of effect. Aeration with mixtures of COs and air 
gave variable results with a slight tendency towards lower glycol and 
higher alcohol yields. No carbinol was present in the final fermenta- 
tion liquor when using COQp aeration. Some satisfactory donioutarion 


were obtained using 100% COo for aeration. Aeration apparently exerts 


a physical effect on the fermentation, 
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Shaking and agitation of the medium did not give better returns 
than aeration. 

Oleic acid controlled foaming tendencies but affected the yields 
to some extent. 

The optimum fermentation pH ranze has been found to be from 5.2 to 
6.0, although the range from 5.0 to 6.5 supported growth of the culture. 
CaCOg was sufficient to buffer dextrose medium but adding both CaCOz and 
NasCO3 was necessary when using acid or malt-hydrolyzed medium. 

The techniques used in preparation of both these media have been 
discussed. 

Added 2,5 butylene glycol inhibited the fermentation. 

Small amounts of salts and urea were found necessary for the nutrition 
of the organism using dextrose media. The effect of salts was less marked 
where malt-hydrolyzed media were used. Autoclaving the urea had no effect 
on the yields. Some of the tests indicated that a somewhat larger supply 
of urea may be advantageous. Malt has Ms were not found useful in the 
fementation. 

The glycolsalcohol ratio apparently decreased over a period of time. 
No good method of preventing this decrease has yet been found. 

Isolationsof Aerobacter type organismswere selected from local 
sources. From 341 isolated, 20 have been selected as being superior, 
but no successful fermentation without aeration giving good glycol 
yields has been attained. Aeration of these cultures increased the 
glycol yield and lowered the alcohol yield. No isolate has given 


better results than can be obtained with Aerobacter aerogenes #199, 
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Note: This appendix contains a brief summary of the most impor- 
tant analytical procedures for determining quantitatively | 
the end products of the fermentation. These methods were 
obtained through the courtesy of We. G Corns and were 
found to be the most satisfactory procedures for each 
determination. For a complete discussion of these and re- 
lated procedures refer to the M.Sc. thesis of W. G. Corns 
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SUMMARY OF THE COMBINED METHOD 


FOR GLYCOL AND CARBINOL ESTIMATION 


A3 cc. sample of supernatant fermentation liquor is pipetted 
into a 100 cc. volumetric flask and made up to approximately 70 cc. 
with water. 5 ec. of a 20% solution of CuSQ, is added, followed by 
5 cece of a 20% suspension of Ca(OH)o. The mixture is gently shaken 
and allowed to stand for 20 minutes after which it is made up to vol- 
-umee An aliquot of about 25 cc. is centrifuged. The remainder con-- 
tained in the volumetric flask is placed in a boiling water bath for 
15 minutes, cooled, and an aliquot centrifuged. Both aliquots are 
prepared for titration, the first one (no bath treatment) without any 
delaye 2 cce of supernatant liquid are pipetted into a 125 x 55 mme 
test tube followed by 2 cc. of 1.0 N HpS04, and 5 cc. of 01 M HI0,. 
This is allowed fe stand at room temperature for approximately 15 
minutes. Then 10 cc. of 0.5 M NaHPO,, and 1 ce. of 30% KI and some 
starch indicator are added. 

The mixture is titrated immediately with 0.005 N NagSo On to the 
disappearance of the blue color. 

A blank determination gives a titration of about 15.5 cCe 

Since 1 cc. of .005 N NaoSe0, is equivalent to 0,225 gm. of 
glycol the calculation is as follows: 

(Blank titration minus sample titration in cc.) x 0.375 = % glycol. 
The same factor has been used in carbinol calculation, considering the 
difference obtained between bath treated and non-bath treated aliquots 
as carbinol. | 

The above method was found to be reliable for fermentation liquors 


containing up to 4% sugar where only small amounts of carbinol are 


xe ein. , tdoa “sheautistneo souptta « cs bos _boteoe jensen 


- tuostiw Gangrene oe fom) eno. feck ous " sotsang te 0D " pai 


“eniba ne tt x08 ee +99 ar bee Ts oust © ao to. #99 > of et 


i) ’ ay y 1 jets 


edt ot > ene M 20040 cttw V eheeatieomt hodend ht at outxin oat ' 


20109 ents odd te sonsteog 


, 
F: 
= oy 


aTouphL tte, 


- 


ee litho 


> teed ye 


7 Y 
ae PF Sadi! 


oie 


present, and has been found reliable when at least 2% sugar and 
approximately 1.00% carbinol are encountered in the same solution, 
Higher concentrations of sugar can be removed by using greater 
quantities of CuSO, and Ca(0H)g. In such cases acid and buffer 


are adjusted accordingly for a clear end point. 


THE DETERMINATION OF REDUCING SUGARS 


(From the Northern Regional Research Laboratory Methods) 


Principle 
The method is a modified Shaffer-Hartmann procedure, 


Reagents 


(a) N/10 potassium dichromate solution (4.001 gm. 
in 1 litre) 


(b) Starch indicator solution, 0.5% 
(c) Alkaline copper solution 
CuS0,.5H50, 20: em. per litre 
sodium citrate 5.5 H\0, 90 gm. per litre 
sodium carbonate (anhydrous) 50 em. per litre 
Dissolve CuSO, separately, pour slowly into solution of 
sodium salts with stirrim. 


(d) Idédide - iodate KI, 60 gm. per litre 
- KI0g = 5.4 gm. per litre 


Add 1 gm. of NaOH per litre to stabilize. 


(e) 5 N sulphuric acid solution (278 ec. conc. 
HoS04 per 2 litres) 


(f) Potassium oxalate solution (330 gm. Kolo0,4 
per litre) ) 


(g) N/10 sodium thiosulphate solution (24, 82 gm. 
NapSe03.5He0per litre) 
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Add 2 gm. NaHCOs per litre. 

50 ml. of the alkaline copper reagent is pipetted into a 
500 ml. Erlemeyer flask. An aliquot of the solution to be 
+ tested containing 25 to 150 mgm. of sgar is added, together with 
distilled water to bring the total volume to 100 ml. The flask 
is placed on a hot plate aaiuidvea in such a way @s to bring the 
solution to boiling in 4 minutes. The flask is then boiled for 5 
minutes; during boiling small beakers are inverted over the flasks 
to prevent evaporation. The flasks are cooled in a water bath to 
at least 40 to 50°C. From a pipette exactly 25 ml. of KI -KI0s 
solution is added, together with 20 ml. of 5 N HoS04 added care- 
fully, and 20 ml. of KoCo04 solution. The solution is well 
shaken and allowed to stand about half a minute until it is clear. 
It is then titrated with N/10 NapS_0, using starch solution as 
indicator. A blank consisting of 50 ml. of alkaline copper 
reagent and 50 ml. of distilled water is analyzed at the same 


time, 


Calculation 
(Blank - thiosulphate titration) x 6.357 = mgm. of Cu. 
From a graph previously constructed the mgm of Cu can be 


read off as mgm. of sugar directly. 


Interfering substances 


Acetylmethylcarbinol is capable of reducing copper salts and 
makes the apparent glucose result toohigh. The correction factor 
is applied as follows: 


Apparent glucose minus (% acetylmethylearbinol x 0.87) = true 
: glucose 
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THE DETERMINATION OF REDUCING SUGARS 


IN MALT-HYDROLYZED MEDIA 
(Reference A.0.A.C. - 5th Edition) 


Method 

Take a 5 cc. sample of the solution and add 85 cc, Hp0 
and 10 cc, 2.0 N HCL or HopSQ,. (This gives a 0.2 N HCL or 
HeS04 solution). Chgtcdneue the acid mixture in an Erlemmeyer 
for } hour at 15 lbs. pressure. The maltose present will be 
completely hydrolyzed to dextrose When cool add 0.1 N: NaOH 
until neutral to litmus. 

Determine the reducing sugar by the modified Schaffer- 


Hartmann procedure. Report the results as percent dextrose. 


METHODS FOR DETERMINING ETHYL ALCOHOL 


Distillation Method (from N.R.R.L. Methods) 


Apparatus 
A 500 ml. boiling flask; a Kjeldahl adapter with a 50 ml. 


separatory funnel connected to a coil condenser 15 inches long; 


a 200 ml. pressure bottle; a water bath. 


Reagents 
(a) 0.2 N KeCre07 (9.801 gm. per litre) 


(bd) 0.2 N NaSe0z.He0 (49.638 per litre) 
(c) 10% potassium iodide 
(ad) 50% HpSO, 


(e) Starch indicator 
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The fermented mash is centrifuged and a 25 ml. sample of the 
supernatant liquor removed and placed in the 500 ml. boiling flask 
along with 1 ml. of 6N NaOH and 25 ml. of water. The stopper, 
fitted with Kjeldahl adapter and separatory funnel , is put in and 
connection made with a vertical coil condenser. ‘The receiver is 
a 50 ml. volumetric flask. The contents of the flask are distilled 
at such a rate that about 50 ml. of the liquid comes over in 
20 to 25 minutes. At the same time water is run into the distill- 
ation flask at such a rate that there is no change in volume during 
the distillation. The receiving flask is made up accurately to 
50 ml. and analyzed directly or diluted if necessary, 

One ml. of the alcohol-containing distillate (with not more 
than 30 mgm. aleohol) is placed with 15 ml. of 0.2 N potassium 
dichromate and 20 ml. of 50% sulphuric acid in a 200 ml. well 
stoppered pressure bottle, which is well shaken and placed ina 
boiling water bath for 20 minutes. It is then cooled and diluted 
to 150 ml. with water, after which 10 ml. of 10% potassium iodide 
is added. The free iodine is titrated with 0.2N NagSo Oz, using 


starch as an indicator. 


Calculation 
.0048 (15-titration (ml. of 0.2N NaS, 0s ) x 100 » 
gm. alcohol in 100 ml. of original solution) 


46 em. alcohol =» 4 litres N thiosulphate 


Interfering Substances 


Any substance which yields volatile products on oxidation by 


dichromate will interfere. in the fermentation cultures acetyl- 
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methylearbinol and 2,3 butylene glycol are the only interfering 
compounds. It has been found by experiment that the distillation 
method used for the aes the alcohol separates out almost 
all the butylene glycol and a large proportion of the acetylmethyl- 
carbinol. 

90 gm. butylene glycol w# 6 litres normal thiosulphate 


88 gm. acetoin = 4 litres normal thiosulphate 


Corrections 

In routine tests the correction for butylene glycol is 
negligible. For each 1% acetylmethylearbinol is the original 
fermentation solution 0.014% must be subtracted from the final 


alcohol results. 
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